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BULLETIN OF THE 
AMERICAN MATHEMATICAL SOCIETY 


THE SIXTH SUMMER MEETING OF THE AMER- 
ICAN MATHEMATICAL SOCIETY. 


Tue Sixth Summer Meeting of the American MATHEMAT- 
1cAL Society was held at the Ohio State University, Colum- 
bus, Ohio, on Friday and Saturday, August 25th and 26th, 
1899. As has been the custom for several years, the meeting 
was held in conjunction with the American Association for 
the Advancement of Science. Aside from the material and 
incidental advantages, it has been found that the freedom 
of intercourse between the members of the Society and of 
Sections A and B of the Association, afforded by simultane- 
ous meetings, serves to increase the interest in both gather- 
ings, while the two-fold attachment of many members tends 
to enlarge the attendance. During the recent meeting of 
the American Association the initial steps were taken 
looking toward the still closer affiliation of the two societies 
for the purposes of the summer meeting, and the Committee 
of Section A was authorized to arrange for a joint meeting 
hereafter, if this should be deemed advisable. 

The number of persons present during the meeting was 
over fifty, and included the following thirty-two members 
of the Society: 

Professor W. W. Beman, Professor Henry Benuer, Pro- 
fessor R. D. Bohannan, Professor C. H. Chandler, Professor 
L. E. Dickson, Professor C. L. Doolittle, Professor L. W. 
Dowling, Professor H. T. Eddy, Mr. H. B. Evans, Profes- 
sor B. F. Finkel, Professor G. B. Halsted, Professor Thomas 
F. Holgate, Professor E. W. Hyde, Mr. H. G. Keppel, Pro- 
fessor T. E. McKinney, Professor A. MacFarlane, Professor 
W. H. Maltbie, Professor J. L. Markley, Professor Mans- 
field Merriman, Dr. G. A. Miller, Professor E. H. Moore, 
Professor A. B. Nelson, Professor H. B. Newson, Professor 
Alexander Pell, Professor G. T. Sellew, Professor J. B. 
Shaw, Dr. H. F. Stecker, Professor Ormond Stone, Dr. 
W. M. Strong, Professor A. L. P. Wernicke, Professor H. 
S. White, Professor R. S. Woodward. 
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The first session opened at ten o’clock on Friday morn- 
ing; and was presided over by Professor R. 8. Woodward, 
President of the Society. On taking the chair the presiding 
officer congratulated the Society on the manifest interest in 
mathematical study and investigation in this country as in- 
dicated by the long list of papers to be presented, and con- 
trasted the present rapid growth of mathematical knowl- 
edge with the conditions twenty or twenty-five years ago. 

By holding extended sessions the full programme was 
completed by Saturday noon. On Friday evening nearly 
all the members in attendance dined together at the Chit- 
tenden Hotel. This informal dinner has come to be a very 
interesting feature of the summer meeting and affords an 
opportunity for friendly interchange of thought upon mathe- 
matical topics that do not come up in the discussions of the 
regular programme. 

At the Saturday morning session the Council announced 
the election of the following ten persons to membership in 
the Society: Professor Edgar Buckingham, Bryn Mawr 
College ; Dr. Warren G. Bullard, University of Vermont ; 
Mr. Walter B. Ford, Albany, N. Y.; Miss Fanny C. Gates, 
Woman’s College, Baltimore ; Miss Carrie Hammerslough, 
Columbia University ; Professor Thomas F. Nichols, Ham- 
ilton College ; Mr. Herbert W. Richmond, King’s College, 
Cambridge, England; Professor George T. Sellew, Knox 
College, Galesburg, Illinois ; Professor E. B. Skinner, Uni- 
versity of Wisconsin; Dr. George P. Starkweather, Yale 
University. Nine applications for membership were re- 
ceived. 

The following papers were read : 

(1) Dr. A. S. CHesstn: Note on relative motion.’’ 

(2) Mr. F. R. Movutron: ‘‘On surfaces of zero relative 
velocity and a certain class of special solutions in the prob- 
lem of four bodies.’’ 

(3) Professor J. E. Davies: ‘‘ On the use of generalized 
differentiation in the solution of physical problems.”’ 

(4) Professor Arnotp Emcu: “A new class of link 
works.”’ 

(5) Mr. J. V. Corrrins: ‘‘ A relation between point and 
vector analysis.’’ 

(6) Professor Fior1an Casoni: ‘‘ John Speidell’s ‘New 
Logarithmes.’ ”’ 

(7) Mr. H. W. Ricumonp: ‘‘ On analogues of the property 
of the orthocenter.’’ 

(8) Professor H. 8S. Waite: ‘Irrational covariant 
conics of a plane cubic.’’ 


| 
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(9) Professor Frank Mortey: ‘‘On the generalization 
of Desargues’s theorem.’’ 

(10) Professor E. H. Moore: ‘‘On certain crinkly 
curves.’’ 

(11) Dr. W. M. Srrone: ‘‘ Note on non-quaternion 
number systems.’’ 

(12) Professor H. B. Newson :: ‘‘ On mixed groups.’’ 

(13) Dr. Epwarp Kasner: ‘The invariant theory of 
the inversion group.”’ 

(14) Miss E. N. Martin: ‘‘ Note on the imprimitive 
substitution groups of degree fifteen, and on the primitive 
substitution groups of degree eighteen.’’ 

(15) Professor L. E. Dickson: ‘‘ A new definition of the 
general abelian linear group.’’ 

(16) Professor L. E. Dickson: ‘‘ Definition of various 
linear groups as groups of isomorphisms.’’ 

(17) Mr. W. B. Fire: ‘‘ On the groups of cogredient iso- 
morphisms that are abelian.’’ 

(18) Dr. G. A. MiLter: ‘‘On the groups that are direct 
products of two subgroups.”’ 

(19) Dr. G. H. Line: “A proof that there are no simple 
groups of order 1440, 1512, 1680, or 1800.’’ 

(20) Dr. H. F. Srecxer: ‘‘On a relation between the 
totality of the elliptic functions and a line complex.”’ 

(21) Dr. Snyper: ‘‘ Geometric construction of 
the elliptic integral of the second kind, and of the Weier- 
strass sigma-function.’’ 

(22) Professor ALEXANDER PELL: ‘‘ Some applications of 
elliptic functions.’’ 

(23) Dr. L. T. More: ‘‘On Fresnel’s wave s Sad 

Mr. Moulton’s paper was offered to the Society through 
Professor Moore, Mr. Collins’s through Professor Benner, 
Dr. Kasner’s through Professor Fiske, Miss Martin’s through 
Professor Harkness, and Mr. Fite’s through Dr. Miller. 

On account of the absence of the authors, Dr. Chessin’s 
paper was read by Professor Woodward, Mr. Moulton’s and 
Professor Morley’s by Professor Moore, Professor Davies’s 
by Professor Hyde, Professor Emch’s by Professor Newson, 
Professor Cajori’s by the Secretary, Miss Martin’s, Dr. Ling’s 
and Dr. Snyder’s by Dr. Miller, and Dr. More’s by Professor 
Brace of the University of Nebraska. The papers by Mr. 
Richmond, Dr. Kasner, and Professor Dickson (No. 15) 
were read by title. Abstracts of the papers are given below. 


Considering space motion in the theory of relative motion 
as a perturbation of the motion which the given system 
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would have if space motion did not exist, we arrive at the 
notion of a ‘‘ perturbative function of relative motion.”’ 
This function is che sum of three homogenous functions of 
Pp, 7, r (components of the angular velocity » of space rota- 
tion) of the respective degrees 0,1, and 2. The purpose of 
Dr. Chessin’s paper is to give the mechanical significance 
of the third of these three functions. The author shows 
that it is always possible to consider as the diagonal of 
a parallelogram constructed on two angular velocities , 
and »,, the direction of », being one about which relative 
rotation is possible, whereas such a rotation is impossible 
about the direction of »,. In this connection it was re- 
marked that it is sometimes useful to express the kinetic 
energy of rotation of a body referred not to its principal 
axes of inertia, but to a system of conjugate axes. If then 
G denote the kinetic energy of space rotation, 


2G = A’w? + Bo? + Cw, 


where w,, w,, w, are the components of » along and A’, B’, 
C’ the moments of inertia about the conjugate (generally 
oblique) axes XYZ of the ellipsoid of inertia. Now, if we 
take for X the direction of »,, then 


G=G6,+ 4G, 


I denoting the moment of inertia about an axis in the 
plane conjugate with the direction of »,. Likewise, if we 
take for X the direction of ,, then 


G, is exactly the third of the three terms of which o is 
composed. Hence its mechanical significance. 


Mr. Moulton’s paper discussed the motions of four bodies, 
three of finite masses and one infinitesimal. The finite 
bodies were supposed to move according to one or other of 
the Lagrangian solutions, in circles around their common 
center of gravity. It was shown that the surfaces of zero 
relative motion separate those portions of space in which 
the infinitesimal body may move from those in which it 
eannot move. There are just twenty-eight solutions for 
which the system remains of constant form and size, and re- 
volves in an arbitrary period. 
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The purpose of Professor Davies’s paper was to call at- 
tention to some of the earlier investigations on the subject 
of generalized differentiation, and in particular to an ap- 
parently little known paper by Buchwaldt, a captain in the 
Danish army, who critically reviewed the work of Liouville, 
previously published in the Journal de I’ Ecole Polytechnique, 
for 1832, et seq. In view of some of the recent papers of 
Oliver Heaviside, wherein the usefulness of generalized 
differentiation in prob- 
lems in electricity is By 
pointed out, it was shown 
that attention had been 
called, long ago, by Liou- 
ville to the great value 
of this process in the 
solution of physical prob- 
lems generally and that 
it is likewise valuable in 
analysis for certain in- f 
verse problems. 
AX 


Professor Emch’s pa- 
per, which is intended 
for publication in the 
Annals of Mathematics, is 
in abstract as follows :— 
The element of the link- 
work is the cell OA,B,A,- 
O-QB, in which O, Q are fixed points, and OA, = A,B, 
= B,A,= A,0. Putting QA, = Vz, QA, = Vy, OB, = R, 
OA, =r, OQ=c, and (R+r)?=a, (r+c)’=f, (r—e)?* 
=y, (R —r)’?=4, the relation exists 


de 
v (a —4)(%— 8) 


where ais aconstant. Let v and u designate the values of 
these integrals, so that v—uw=a. The variables x and y 
may be expressed by elliptic functions 


z=i(u), y=A(0). 
A second cell may be added having the same fixed points O 
and @ and the link OA, in common with the first cell. In 
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the same manner any number of cells may be added, thus 
forming a link-work of one degree of freedom. If the link- 
work consists of n cells, OA,., will be the last link and the 
argument belonging to QA,,, willbe u+n-a. Supposing 
w, and w, as the periods of 4(u), the quantities R, r, and ¢ 
may be chosen in such a manner that 

+ mw, 

n 

where m, and m, designate integers. In this case the link- 
work closes, i. ¢., the point A,,, will coincide with A,, and the 
condition of closing is independent of the value of u, or of the 
original position of the link-work. In the special cases of 
closed link-works of three and four cells the condition re- 
duces to R=r and R’ —r’ = r* — c’, respectively. A cer- 
tain transformation of the link-work leads to Jacobi’s 
construction of elliptic functions and Poncelet’s poristic 
polygons. 

In his Quaternions (second edition, page 22) Tait asserts 
that ‘‘The theory of ‘geometrical nets’ is very fully de- 
veloped in Hamilton’s Elements, and the method is shown 
to include as particular cases the processes of Grassmann’s 
Ausdehnungslehre and Mobius’s Barycentrische Calcul.’’ 
This passage is criticized by Mr. Collins on two grounds: 
first, that it is too sweeping; and secondly, that if 
point and vector analysis are so closely connected, this re- 
lationship calls for a careful examination. The question 
arises, then, how can the two be brought together in a 
harmonious system. In his Elements, instead of studying 
point-vector analysis in its simplest form, Hamilton makes 
out of the simple expressions of point analysis very com- 
plex ones, anharmonic ratios in fact. In this way he limits 
the application of this analysis to the so-called modern 
geometry. 

By Hamilton’s p and Grassmann’s p is or should be meant 
a complex concept consisting of a point p held in position by 
a vector from an origin p. Here p we will say denotes an 
infinitesimal portion of a line and pp denotes p at the end 
-of p whose initial point is at the origin. Thus pp standing 
now for both Hamilton’s p and Grassmann’s p is really 
complex, just as «(= TeUe or S: + Ve) is complex in qua- 
ternions, or as p,<¢,:, is complex in the Ausdehnungslehre. 
Using this notation the fundamental equations of point 
analysis become 


(1) m, pp, +m, pp, = (m, + m,) p ( 


MP, 
m,+m, }’ 
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@) Smpp = 


(3) PP, — pp, = Op 


Hyde in his Directional Calculus writes these equations 
in duplicate, i. e., first in the simple point analysis form, 
and then in the vector analysis form, the vectors being in- 
dicated as the difference of units points. If the above 
notation and equations be used in the solution of prob- 
lems, the point equations and vector equations corre- 
spond and agree at each step of the solution. If p be di- 
vided out of any equation, a vector equation is left, while if 
the p’s be given the subscripts of the p’s, and the p’s be re- 
moved, we have the regular point analysis equations. Thus 
this notation throws light on any solution or equation from 
two directions. The vector equations have the advantage 
that the origin can be taken anywhere; the point equations 
that they are always symmetrical. Because the funda- 
mental concept dealt with in point analysis is complex, 
the notation used to present it should be complex until the 
subject is well grasped. 


Professor Cajori remarked in his paper that no general 
history of mathematics published in England or in Europe 
makes mention of John Speidell, though it is quite generally 
known to English readers through certain special articles, 
for example, J. W. L. Glaisher’s report on ‘‘ Tables’’ in 
the British Association Report for 1873, that Speidell is the 
author of the earliest table of natural logarithms. The 
book appeared in 1619, only five years after Napier’s famous 
work. A fac-simile of the title-page of the edition of 1622 
was exhibitéd to the Society. 


Mr. Richmond’s memoir deals first with the systems of 2n 
points in a space of n dimensions S,, such that the S,_, de- 
termined by any n points is perpendicular to that determined 
by the remaining n points. Here for ‘ perpendicular’ we 
may substitute ‘conjugate as to a fixed quadric,’ the 
absolute. More generally in S, let there be p points 
u, = 0,-, u, = 0 and let the absolute be 


Sk 2 
=0; 


then any two spaces S,_, which contain all the p points are 
necessarily perpendicular. For a proper quadric the values 
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of p range from n+ 1 to 2n; for the euclidean absolute 
(passing over the case of points all at infinity) p ranges 
from n+2 to2n. Sucha system of p points is called an 
orthogenic system. The system of n+ 1 orthogenic points 
is the self-conjugate pyramid ; accordingly the system of 
nu + 2 points is selected for special consideration. This is 
the ‘ polviereck’ in the case of the conic (n= 2). and the 
‘ polfunfeck’ in that of the quadric in 3 dimensions. In 
the euclidean case, it is pointed out, inter alia, that the cen- 
troids of all pairs formed from the n+ 2 points lie ona 
sphere ; and if further n be even, it is remarked that n + 1 
points determine uniquely $n others, the whole forming an 
orthogenic system. 


Professor White’s paper embodied the results of some re- 
cent investigations upon a plane cubic curve and the sys- 
tems of conics connected with it. and will be published 
in the Transactions of the American Mathematical Society. 
Two doubly infinite systems of conics are known (Hilbert 
in Liouville, 1888) which are related to the general plane 
cubic by an invariant property, namely, their equations are 
reproduced (to a factor) by an operation which transforms 
the cubic into its Hessian. Professor White finds each of 
these systems of conics to be the system of conic polars to a 
new cubic curve, and (1) these two cubics are coordinate 
with the fundamental cubic by virtue of a cyclic relation— 
each gives rise to the other two in the same way as the first 
did to the second and third ; (2) al] three lie in the syzygetic 
sheaf containing the first and its Hessian ; (3) finally, the 
set of three are characterized by having their Cayleyan 
(curve of third class)incommon. Two class-cubics defined 
by the self-reproductive property with respect to the trans- 
verse of this same operation prove to be coordinate to the 
conjugate class-cubic of the fundamental, and to be them- 
selves conjugate to the two above described in the sense 
of Aronhold (Crelle, 55). They have the Cayleyan for 
their common Hessian. From these results, using the 
equation of the conjugate class-cubic, the covariant equa- 
tions are written for conic polars of four cubics related to 
the Hessian just as the first four are to the Cayleyan. 


Professor Morley communicated a proof of the theorem 
that all full spreads of order n in a linear space S, which 


pass through 


(m+n—1)! 


m!(n—1)! 
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given points are apolar with a aeterminate full spread of 
class n in an intersecting space S,,_,. This paper is intended 
for publication in the Transactions. 


Professor Moore’s paper treats (1) of the area filling 
curves z = ¢(t), y= ¢(t) of Peano and Hilbert, and in par- 
ticular (2) of the curve y= ¢(t), connected with the Peano 
curve, which is continuous and has at no point a progressive 
or a regressive non-vertical tangent, and at no point a pro- 
gressive and a regressive vertical tangent. This curve from 
the simplicity of its geometric definition and from the in- 
tuitive clearness of its properties appears to be fit to replace 
the classical Weierstrass curve as the standard example of 
continuous curves having no tangents. The paper will be 
published in the Transactions. 


Dr. Strong announced the following theorem: Any de- 
generate uon-quaternion number system whose multiplica- 
tion table contains m independent products can be reduced 
to a form such that the independent products will be 
1,, l,,---, and will occur in the order here given. No in- 
dependent product will be the product of units which them- 
selves enter products. By ‘degenerate system’ is meant a 
system from which the modulus has been deleted ; the term 
‘independent product’ denotes a product of two units which 
is linearly independent of the products preceding it; and 
the ‘order’ of products in the multiplication table of non- 
quaternion number systems is defined thus: J, - and 1,., 
precede /,,,1,,, where b,e+ 0; and precede 
1,-1,,and 1,,,-1,if a <b; l, precedes 1;,, where a + 0. 


The object of Professor Newson’s paper was to exhibit a 
method for treating mixed groups of projective transforma- 
tions (or collineations). The method was applied to one 
mixed group as an example. Mixed groups contain two dis- 
tinct sets of transformations, one set forms a continuous 
group and the other set forms a multitude of discontinuous 
groups. All projective transformations of the plane which 
leave a pair of points A and B separately invariant form a 
continuous group G (AB); add to these all transformations 
which interchange A and B, and we have the mixed group 
mG (AB). All real projective transformations which in- 
terchange A and B were determined synthetically; they fall 
into four distinct classes. Those of the first class are in- 
volutoric, i. ¢., of period two; those of the other three 
classes are non-periodic and are designated as elliptic, para- 
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bolic, and hyperbolic, respectively. The paper will be pub- 
lished in the Kansas University Quarterly. 


To every group of transformations corresponds a geometry, 
or theory of invariants (Klein, Lie). The group considered 
by Dr. Kasner is the six-parameter group generated by 
the inversions of the plane ; the corresponding inversion 
geometry is formally identical with projective geometry on 
a quadric surface. Two principal methods are developed for 
studying the invariant properties of geometric configura- 
tion. 1° Quaternary.—A curve whose equation in tetra- 
eyclic coordinates z, connected by the quadratic identity 
Q = 0is f,= 0 is also represented by f, + MQ = 0, where Mis 
any form of order n — 2; but of the entire system of forms 
f, + MQ, there is one and only one (F’) which is apolar to 
Q. The final result may be stated : the (quaternary ) inver- 
sion concomitants of the curve are the projective concom- 
itants of F, Q. 2° Double binary.—A point being defined 
by the parameters 2, : 4,, #,: #, of the pair of minimal lines 
passing through it, the equation of the curve to be studied 
takes the form ¢ (4,"4,, 4,"4,) =0; the (binary) inversion 
concomitants of the curve are the concomitants of the 
double binary form,g, with respect to independent linear 
transformations of 4and ». The relations between 1° and 
2° were considered in detail. It was shown for example that 
the binary and quarternary polar theories coincide; and a 
series of methods was given of which 2° is the first member. 
Application was made to circles and cyclic curves. 


In Miss Martin’s paper it was shown that there are 68 
imprimitive groups of degree fifteen. Of these 28 have 
their elements divisible into three systems of imprimitivity, 
27 into five systems, while the remaining 13 have their ele- 
ments divisible in both ways. In addition to the symmetric 
and to the alternating groups of degree eighteen only two 
other primitive groups have been found. One is a triply 
transitive group of order 18. 17. 16; the other is a doubly 
transitive simple group of order 16. 17. 8 contained self- 
conjugately in the former. 


Professor Dickson’s papers are intended for publication in 
the Transactions. An abstract giving some of the results of 
both papers was published in the BuLuetry, vol. 5, p. 331. 
Mr. Dickson also presented a preliminary communication 
containing an elementary proof of a theorem by Professor 
a on the abstract form of the symmetric group on k 
etters. 
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Mr. Fite’s paper presented the following considerations : 
The group of cogredient isomorphisms of any group G can- 
not be the direct product of cyclical groups whose orders are 
such that one of them is not a divisor of the least common 
multiple of the others. If the group of cogredient isomorph- 
isms is abelian, the order of every one of its operators is 
the order of a commutator of G. If G is of order p” and 
contains an abelian subgroup of order p"~*, its group of 
cogredient isomorphisms contains no operator of order 
greater than p*, if it is abelian ; if the largest abelian sub- 
group of G is of order p™~*, where 2+-4(m — 1), G cannot 
have an abelian group of cogredient isomorphisms of order 
p”—. If G@ is of order p” and contains an abelian sub- 
group of order p”—"', it cannot have an abelian group of co- 
gredient isomorphisms of order p"*, where a << 4(m— 1). 


Dr. Miller’s paper, which will be offered for publication 
to the Transactions, is in abstract as follows : 

If a group G contains two self-conjugate subgroups 
G,, G, which have just K common operators, and if we form 
all the possible commutators s~'t—' st by taking s from G, 
and ¢ from G, (or vice versa) then these commutators gen- 
erate a self-conjugate subgroup of G which is contained in 
K, and each operator of one of the two subgroups G,, G, 
transforms every operator of the other into itself multiplied 
by some one of the given commutators. If G is generated 
by G, and G,, and if K = 1, then G is said to be the direct 
product of G,, G, Two theorems are proposed: 

TueorEM I. If the order g of a group G is divisible 
by p* but not by p**t’, p being any prime number, ard if 
all the conjugates of any operator (s) contained in a sub- 
group P of order p* may be obtained by transforming s 
by means of operators of P, then G is the direct product of 
P and some other subgroup of G, and it contains a self- 
conjugate subgroup of each of the orders g + p* (f = 0,1, 2, 
am 4 

TueoreM II. If the order of a group is mn (m being 
prime to n) and if it contains a subgroup of order m which 
has the property that each of its operators is transformed 
by some one of the operators of this subgroup in the same 
way as it is transformed by any given operator of the en- 
tire group, then the group is the direct product of two sub- 
groups whose orders are m and n respectively. 


Holder, Cole, and Burnside have examined all the orders 
up to 1093 in regard to possible simple groups and proved 
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that there are no simple groups of any of these orders with 
exception of those already known whose orders are 60, 168, 
360, 504, 660 and 1092. At the February meeting of this 
Society Dr. Ling presented a paper in which all the other 
orders that do not exceed 2000, except four, were examined. 
The orders 1440, 1512, 1680 and 1800 presented difficulties 
which could not then be overcome. With the assistance of 
Dr. Miller, Dr. Ling has now examined these orders and 
the result reached is that there is no simple group whose order 
lies between the numbers 1092 and 2001. These results will be 
incorporated in the paper previously presented to the So- 
ciety and will be offered to the American Journal of Mathe- 
maties for publication. 


The fundamental considerations in Dr. Stecker’s paper 
were these : (1) the six line codrdinates of a complex satisfy 
the identical relation p, p, + p,p, + p,P, = 9, and conversely, 
any six quantities satisfying such an identical relation may 
be treated as line coordinates of a complex; (2) the bi- 
quadratic which enters into an elliptic integral has three 
irrational invariants each of which is the product of two in- 
variant determinants. These three irrational invariants, 
A, B, C. satisfy the relation 4+ B+ C=0. Hence the 
above-mentioned six determinants may be treated as line 
coordinates of a complex. Several interesting results were 
pointed out. 


Dr. Snyder’s paper describes the models of the functions 
«(u) and ¢(u), recently prepared by the author under the 
direction of Professor Klein. These models, which are to 
be reproduced in plaster, are constructed with the same 
constants (g, = 0, g, = 4) employed by Professor Burkhardt 
in the case of ?(u) and ’(u), thus completing the set to a 
certain extent. 


Professor Pell’s paper dealt with the curves on an ellip- 
soid, called by E. Cosserat the ‘D’ lines. The author ex- 
pressed the coordinates of these lines for the ellipsoid as 
uniform functions of one parameter ; by means of these ex- 
pressions he traced the path of the curves, and deduced 
some interesting properties of these lines. The paper will 
be offered for publication to the Transactions. 


Dr. More pointed out in his paper that it is generally 
assumed that unless a ray of light in a biaxial crystal is re- 
fracted along an optic axis, it will break up into two rays— 
the ordinary and the extraordinary—but the fact is that there 
are an infinite number of directions along which the ray is not 


1899.] PROGRESS IN THEORY OF LINEAR GROUPS. 13 


divided. Suppose the section of Fresnel’s wave surface by a 
coordinate plane to consist of a circle and an ellipse and let 0 
be the center of a wave disturbance in the surface of a crystal. 
Draw any radius vector OBC, cutting the circle at B and 
the ellipse at C; the intersection of tangents at B and 
C will be S, a point on the tangent plane at the point of in- 
cidence. Then SB and SC will be the wave fronts of an 
ordinary and an extraordinary ray. Since these two lines 
are tangents at the points of intersection of a single radius 
vector OBC. the latter is the path of both an ordinary and 
an extraordinary ray. Therefore from the indices of re- 
fraction we may compute an incident ray which will not be 
divided but will move along OBC, and since there are an 
infinite number of points S there are an infinite number 
of directions for which the ray is not divided. The locus of 
the point S is a curve of the eighth degree and may be ex- 
pressed in a simple and symmetrical form. By a simple 
transformation of the equation uniaxial crystals are in- 
cluded in this treatment. 
Tuomas F. 


Acting Secretary. 
EVANSTON, ILLINOIS. 


REPORT ON THE RECENT PROGRESS IN THE 
THEORY OF LINEAR GROUPS. 


BY PROFESSOR L. E. DICKSON. 


(Read before Section A of the American Association for the Advance- 
ment of Science, Columbus, Ohio, August ~?, 1899.) 


Tuis report is intended to supplement in certain directions 
the report* of Dr. Miller on group theory read at the last 
summer meeting of the American Association. In order to 
allow space for important details, I will consider neither 
continuous nor discontinuous linear groups of infinite order, 
but confine my report to finite linear groups. Of these I 
shall consider first the finite collineation groups and after- 
wards the linear congruence groups and the more general 
linear groups in Galois fields. 


Part ].—FINITE GROUPS OF LINEAR SUBSTITUTIONS. 
§1. General Theorems on Finite Linear Groups. 


The following theorem was stated by Jordan in 1878 and 
proven in various ways by Lipschitz, Kronecker, Rost, 


* BULLETIN, Feb., 1899, p. 227. 
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Maschke, Moore,* and recently by Burnside} in a very ele- 
mentary manner : 


A linear homogeneous substitution of finite period p, 
= (j = 1, 2, 


may be linearly transformed to the canonical form 
(t= 1, n) 
where each ¢, is a p™ root of unity. 

Concerning the nature of the irrationalities which may 
enter into the coefficients of the substitutions of a finite 
linear group, we have the theorem due to Professor 
Maschke :—{ 

If a linear substitution group of finite order contain at least 
one substitution, the roots of whose characteristic equation are all 
distinct, the group ean be so transformed that all the coefficients of 
the substitutions of the transformed group are cyclotomic, i. €., are 
rationally expressible by roots of unity. 


The existence of a universal invariant for finite linear 
groups is expressed by the theorem :— 


A finite group of n-ary linear homogeneous substitutions leaves 
absolutely invariant a positive Hermitian form. By suitable 
linear transformation of the group this invariant becomes 


This theorem was stated by Loewy§ and proven by 
Moore.|| The first part of the theorem was established 
earlier by Picard] for the cases n =2, 3. The complete 
theorem was proven by Valentiner ** for n = 2 and 3. 

H. Minkowski f} has shown that every finite group G of 
n-ary linear homogeneous substitutions with integral co- 
efficients is isomorphic with the group of substitutions re- 


* Math. Annalen, vol. 50, pp. 213-219. Full references are given in 
the paper by Professor Moore. 

+ Messenger of Math., no. 331 ee, 1898). 

t Math. Annalen, vol. 50, p. 4! 

¢ Comptes rendus, vol. 123 C1896), Pp. 168-171. 

|| Math. Annalen, vol. 50, pp. 213-21 

{ Bull. Soe. Math de France, vol. 15 (1887), pp. 152-156. 

** “Te endelige Transfi Gruppers Theori,’? avec un resumé 
en francais, Danish Academy, 1889. 
tt Crelle, vol. 100 (1887), pp. 449-458. 
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sulting upon reducing its coefficients modulo 2, and derives 
the corollary that the order of G is a divisor of 2*N, where 
N=(2—1) 2) (2"— 2"-") is the order of the group 
of all n-ary substitutions taken modulo 2. 

The generators of the group of n-ary linear substitutions 
of determinant unity and with integral coefficients were 
given by Kronecker * as follows : 


(2) +2,, (4 = 2, 3, ~-,m). 


In place of these n generators, Krazer +} uses three genera- 
tors. But Kronecker bad already shown that two genera- 
tors would suffice, while the simple form of the generators 
would thereby be lost. For the case n = 3, W. Burnside f 
proves that the generator (2) together with the substitution 
permuting z,, x,, x, in a cycle suffices to generate the group. 
In Kronecker’s paper the generators of the abelian linear 
groups are also given. 


§ 2. Special Groups of Collineations. 

The problem of the determination of all finite groups of 
binary linear substitutions has been solved geometrically 
by Klein § and algebraically by Gordan.|| Essentially the 
groups thus found are those connected with the regular 
solids. The finite ternary groups were considered at great 
length by Jordan,4{ who, however, missed the group of 168 
collineations in the plane, which was derived by Klein ** 
by the consideration of the transformation of the seventh 
order of elliptic functions. He also missed the simple 
group of 360 collineations, set up by Valentiner t+ and 
proven simply isomorphic to the alternating group on six 
letters by Wiman.{{ Certain configurations connected with 
this Gs had been given earlier by Gerbaldi.§§ 


* Monatsber. der Berl. Akad. (1866), p. 597. 
t Annali di Matematica, 2d series, vol. 12, pp. 283-300. 
} Messenger of Math., 2d series, vol. 24 (1804), pp- 109-112. 
¢ Math. Annalen, vol. 9 (1876), pp. 183-188. 
Math. Annalen, vol. 12 (1877), pp. 23-46. 
rir =. 84 (1878), p; pp: 89-215; Atti della,Reale Accademia di Napoli, 
vol. 8 (1879 
** Math. Annalen, vol. 14, pp. 428-471 (Jordan’s omission is indicated 
in the foot-note to p. 438); Math. Annalen, vol. 15, pp. 251-282. 
tt ‘‘ De endelige Transf Gruppers Theori,” avec un résumé 
en frangais, 1889, Danish Academy. 
tt Math. Annalen, vol. 47. 
22 ‘“‘Sul gruppo semplice di 360 collineazioni piane,’’ Math. Annalen, 
vol. 50, p. 472. 
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In view of the evident independence of the work of Jor- 
dan and Valentiner and their difference of method, we may 
feel certain of the completeness of the determination of the 
finite ternary linear groups. Of these groups the ones 
which leave a straight line invariant as well as those per- 
muting three points cyclically are regarded as trivial. Be- 
sides these there exist only the groups of orders 216, 168, 
360, together with their subgroups of orders 72, 36, and 60. 
We will briefly characterize the former set of three groups. 

The Hesse group of 216 collineations is defined by a 
pencil AF + «H, where F is a ternary cubic and H its Hes- 
sian covariant. The G,, has subgroups of orders 36 and 
72. It has been studied at length by Maschke.* 

The simple group of 168 collineations leaves invariant 


vy + yz + 0. 


As mentioned above, it was first met by Klein. It is 
studied in detail in Klein-Fricke’s Modulfunctionen. The 
types of substitutions and of subgroups of the G,,, are given 
by Gordan + (Mathematische Annalen, vol. 25, p. 462). 

The simple group of 360 collineations has as its simplest 
invariant form the function 


10 2°y + 92 (2° + — 45 — 135 aye + 270°. 


It has two systems, each of 15 conjugate octahedral sub- 
groups, and two systems each of six conjugate icosahedral 
subgroups. The even permutations of the icosahedral 
groups of one such system form the alternating group on 
six letters (Wiman). The G,,, has ten conjugate subgroups. 
of order 36. It is not possible to set up a group of 360 ter- 
nary homogenous substitutions holoedrically isomorphic with 
the group of 360 collineations.{ This result follows from 
the corresponding impossibility for the subgroup G,,, as 
shown by Jordan. 

Quaternary linear homogenous groups of orders 120 and 
720 have been given by Klein,§ one of order 2-16-6! was. 
studied by Reichardt.4{ All ternary and quaternary linear 
groups simply isomorphic to the symmetric or alternating 
group of substitutions have been determined by Maschke.** 


* Math. Annalen, vol. 33. 

t ‘‘ Ueber Gleichungen siebenten Grades mit einer Gruppe von 168 Sub- 
stitutionen:’’ I. Math. Annalen, vol. 20, pp. 516-530 ; II. Math. Annalen, 
vol. 25, pp. 459-521. 

t Wiman, Math. Annalen, vol. 47, p. 538. 

4 Ikosaeder, p. 198 ; Math. Annalen, vol. 4. 

{| Leipzig Ber. (1885), pp. 419-426. 
** Math. Annalen, vol. 51. 


1899.] PROGRESS IN THEORY OF LINEAR GROUPS. 17 


The problem emphasized by Klein of representing every 
group as a collineation group in the fewest possible number 
of variables has been solved for the symmetric and alterna- 
ting groups by A. Wiman.* He shows that, for n>7, no 
collineation group exists in space of <n — 2 dimensions, 
which is isomorphic with the symmetric or alternating group 
on letters. Except for the case n = 9, there ‘is only one 
group in R,_, isomorphic with the symmetric and one 
with the alternating group on n letters. 

A quaternary linear homogeneous group of order 51840 
arising in the theory of the transformation of hyperelliptic 
functions has been studied: by Klein, Burkhardt, Maschke, 
Witting, and others. Jordan? had already determined the 
Galois group of the equation for the 27 lines on a general 
cubic surface and proved{ it isomorphic with the abelian 
group for the trisection of hyperelliptic functions of four 
periods. The possibility of the solution by hyperelliptic 
functions of the equation for the 27 lines on a cubic surface 
having been thus established, Klein§ proceeded to sketch 
a method of reduction of the problem of the equation of the 
27 straight lines to the problem of the trisection of the 
hyperelliptic function of 1st order. The actual calculations 
were effected by Burkhardt,|| who gives full references to 
the work of Witting*| on a configuration in space connected 
with the Gis and to that of Maschke** on the complete 
form system of the group. 

From the obscurity of a passage on p. 214 of a note by G. 
G. Morrice,j{} some readers have inferred that the sim- 
plicity of the group of 51840 linear substitutions had been 
established. The group probably meant was the group of 
order 4 and the word ‘‘simplicity’’ is not used in its tech- 
nical group sense. 

Various linear congruence groups will be found in Part 
II which are isomorphic with the present Geo. The 
latter group is a subgroup of index 28 under the group of 
order 1,451,520, the group of the equation of the 28th de- 


* Math. Annalen, vol. 52 (1899), pp. 243-270 ; Gott. Nach. 1897. 


{ Traité des substitutions, pp. 316-329 ; also Kiihnen’s Dissertation, 
Marburg, 1888. 


tIbid, pp. 365-369 ; a shorter proof has been given by the writer in 
Comptes rendus, vol. 128 (1899), pp. 873-5. 

2 Liouville’s Journal (4), vol. 4 (1888), pp. 169-176. 

|| Math. Annalen, vol. 38, and vol. 41, p. 312. 

{ Gott. Diss., 1887 ; Math. Annalen, vol. 29. 
** Math. Annalen, vol. 33, pp. 317-344. 
4t Proc. Lond. Math. Soc., vol. 22 (1892), pp. 213-217. 
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gree on which depends the theory of the double Sonpiutl toa 
curve of the fourth order.* 

The determination of all surfaces of the third order which 
admit of collineations has been made by Karl Bobek.t The 
only surfaces found were those studied by Eckhardt.{ 
Among these is Clebsch’s diagonal surface§ with the group 
G,,,; also surfaces with a G,,, and a G,,, 

In the paper of Biermann,|| ‘ Ueber die regelmussigen 
Punktgruppen in Raumen hoherer Dimension und die zuge- 
hérigen linearen Substitutionen mehrerer Variabeln,’’ 
Klein’s method for ordinary space is extended to n dimen- 
sions and worked out for the casen = 5. Schlegel had al- 
ready determined the regular bodies in R,. Biermann 
reached linear substitutions in two complex variables pre- 
viously studied by Jordan and Klein. 

Two special classes of finite linear groups of orders n* 
and n‘(n’ — 1) are given by Jordan.4] 


Part II.—Linear Groups 1n A GALors 
§3. Theory of the Galois Field. 

In a great many investigations in group theory, including 
the classic ones of Galois, Betti, Mathieu, Jordan, as well 
as in numerous more recent articles, the theory of Galois’s 
imaginaries has proved to be an instrument of great power. 
Galois first studied the properties of the polynomials built on 
a root of a congruence of degree n belonging to and irre- 
ducible modulo p. These p” distinct polynomials combine 
according to the ordinary laws of algebra. Let for ex- 
ample j denote an (imaginary) root of the irreducible con- 
gruence 

a +2+1=0 (mod 2). 


Then all rational functions of j can be reduced to one of 
the eight forms 
o 1,5 §¢+1. F 
The sum, difference, product, or quotient (except by 


zero) of any two of these polynomials reduced to an unique 
polynomial belonging to the set. — 


* Geiser, Math. Annalen, vol. 1, pp. 129-138. 

Jordan, Traité des substitutions, p. 330; Comptes rendus, vol. 67 (1868). 
Weber, Math. Annalen, vol. 23, p p. 489-503. 

+ Monatshefte fiir Math. und Physik (Wien), vol. 10 (1899), pp. 102-122. 
t Math. Annalen, vol. 10, p. 227. 

2 Math. Annalen, vol. 4, p. 336. 

|| Wien Ber., vol. 95, pp. 523-548. 
Bull. 8. M F., vol. 5, pp. 175-177. 
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Moore’s abstract formulation of the theory is convenient 
for group investigations. In place of the above set of eight 
polynomials, Moore considers eight abstract marks constitu- 
ting the Galois field of order 8, in notation the GF[2*]. 

Rather elaborate expositions of the theory have been given 
by Schonemann, Dedekind, Serret, and Moore. A very com- 
plete, but elementary, exposition of the abstract theory of 
Galois fields, with proof of their existence, will be published 
shortly by the writer. Owing io the lack of references in the 

pers on the subject, the following bibliography on Galois 
fields has been added : 


Gators: ‘‘Sur la théorie des nombres,’’ Bulletin des sci- 
ences mathématiques, de M. Férussac, 1830; reprinted in 
Journal de mathématiques, 1846, and in Oeuvres mathéma- 
tiques d’ Evariste Galois, Paris, 1897. 


ScHOneMANN: ‘‘Grundziige einer allgemeinen Theorie 
der hoheren Congruenzen deren Modul eine reelle Primzahl 
ist,’’ Crelle, vol. 31 (1846), pp. 269-325. 

DeEpeEkinD: ‘‘ Abriss einer Theorie der héheren Congruen- 
zen in Bezug auf einen reellen Primzahl-Modulus.’”’ Crelle, 
vol. 54 (1857), pp. 1-26. 

SerRReET: ‘‘Sur les fonctions entiéres irréductibles suivant 
un module premier, dan le cas oi le degré est une puissance 
du module,’’ Journal de Liouville, 1873, p. 301 and p. 437; 
also in Cours d’algébre supérieure, vol. 2, pp. 122-211. 

Jorpan: ‘‘ Théorie de Galois,’’ Traité des substitu- 

tions, 1870, pp. 14-18. 
Petter: ‘‘Sur les fonctions irréductibles suivant un 
module premier et une fonction modulaire,’’ Comptes rendus, 
vol. 70 (1870), pp. 328-330, and vol. 93 (1881), p. 1065, 
also vol. 90 (1880), p. 1339. 

Peet: ‘‘Sur les fonctions réduites suivant un module 
premier,’’ Bulletin Soc. Math. de France, vol. 17 (1889), pp. 
156-167. 

Petter: ‘Sur la décomposition d’une fonction entiére 
en facteurs irréductibles suivant un module premier p,’’ 
Comptes rendus, vol. 86 (1878), p. 1071. 

Moore: ‘‘A doubly-infinite system of simple groups,’’ 
Congress Mathematical Papers, 1893. 

Bore et Dracu: Théorie des nombres et algébre supér- 
ieure, 1895. 


Dickson: ‘‘ Higher irreducible congruences,’’? BULLETIN, 
July, 1897, pp. 381-389. 
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Consider the p™ letters /;, ¢,...,¢,, characterized by m in- 
dices, each being an arbitrary one of the p* marks of 
GF[p"]. A linear ~~ substitution (A) on these let- 
ters replaces ...,¢,, by lzy,---,¢,’ Where 


the a, being certain marks of the GF[p"], such that the 
determinant | 0. 

Since the compound of two linear homogeneous substitu- 
tions is again a linear homogeneous substitution, we 
say that the totality of substitutions (A) form a group, 
the general linear homogeneous group of degree p™. In the 
linear form, this group is due to Jordan (Traité des substi- 
tutions, § 119. § 169), special forms being due to Galois. In 
the writer’s dissertation* it was proven to be identical with 
a group of substitutions in one variable investigated by E. 
Betti in 1852-1855 and in more detail by E. Mathieu in 
1861. Its structure (factors of composition) was deter- 
mined by Jordan for the case n = 1, and for general n by 
the writer in his dissertation and somewhat later by Burn- 
side.+ 


§5. The Linear Fractional Group. 


It is obtained analytically by taking the linear homoge- 
neous group fractionally, so that its substitutions may be ex- 
hibited in the form 


It is a concrete form of the quotient group of the general 
linear homogenous group by the invariant subgroup formed 
of the substitutions. 

= (t=1, m). 


For the case m = 2, we have the ordinary linear fractional 
group in one variable. It was investigated by Galois, 
Mathieu,t etc.; its structure was determined for the case 
n = 1 by Gierster|| and for general n by Professor Moore§ 


* Annals of Math., 1897, pp. 65-120, pp. 161-183. 
t The theory of groups, pp. 340-341. 
t Liouville’s. Journal (2) vol. 5, pp. 9-42 ; vol. 6, pp. 241-323. 
'| Math. Annalen, vol. 18 (1881), pp. 319-365. 
’ Fi es Congress Math. Papers of 1893 ; abstract in the BULLETIN, Dec. 
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and later, but imperfectly, by Professor Burnside.* The 
subgroups of the linear fractional group in the GF [p"] 
were determined by Gierster for n = 1 (Mathematische Anna- 
len, vol. 18 (1881), pp. 319-365) and for general n by Moore 
(Abstract in the BuLLETIN, Oct., 1898). It was shown that 
the subgroups of the modular group are eitker solvable 
groups or certain modular groups or finally groups of double 
the order of certain modular groups. The decomposition of 
the subgroups of the modular groups thus leads only to 
cyclic groups and modular groups. 

The linear homogeneous group was proven by Moore 
(Butietin, Nov., 1895) to be the group of holoedric traus- 
formation into itself of the regular abelian group of degree 
p". In the same paper were determined certain abstract 
defining invariants of the linear homogeneous and the linear 
fractional groups. 


§6. The Abelian Linear Group. 
Consider two sets of 2m indices 


Me (t= 1,2, , m). 
Of the sudstitutions of the general linear homogeneous 
group ou 2m indices in the GF [p”], those which, if opera- 
ting simultaneously on the two sets of indices, multiply the 
function 
= 
2, Va Ne 

by a constant factor, form a group, the general abelian group. 
We exclude the case m = 1, when the group is merely the 
general binary linear homogeneous group treated in § 4. 

Its structure was determined by Jordan + for the case 
n = 1 and by the writer { for general n. Indeed, its factors 
of composition are the prime factors of p* — 1 together with 
the factors of composition of the special abelian group of 
those substitutions leaving ¢ absolutely invariant. For 
p = 2, the latter group is simple except when m = 2,n = 1, 
when it is isomorphic with the symmetric group on six 
letters. For p>2, it has a maximal self-conjugate sub- 
group of order 2, so that the quotient group is simple. 

§7. An immediate generalization of the abelian group 
consists in the group of substitutions on mq variables 

* Proe. Lond. Math. Soc., vol. 25 (Feb., 1894), pp. 113-139,. 

t Traité des substitutions, pp. 171-179. 
we Jour. of Math., July, 1897, pp. 169-178, and April, 1899, pp. 


22 PROGRESS IN THEORY OF LINEAR GROUPS. ([Oct., 


which, if operating cogrediently upon q independent sets of 
mq variables, the 7 th set of which is exhibited thus 


af, aff (i= 
will leave invariant up to a constant factor the function 


22 

This group was indicated by Kronecker.j The continuous 
group of linear substitutions leaving ¢ invariant was in- 
vestigated by the writer in the BuLtetin for May, 1897. 
The structure of the discontinuous group of substitutions in 
the GF[p"] which leave ¢ absolutely invariant has been de- 
termined by the writer.* For ¢> 2, a substitution leaving 
g invariant must leave each determinant in ¢ separately in- 
variant or at most permute these determinants. 


§8. The First and Second Hypoabelian Groups. 

These groups are certain subgroups of the abelian linear 
group in the GF[2"]. For n=1, they were defined and 
investigated at length by Jordan making use of his theory 
of ‘‘ exposants d’échange.’’ 

By a suitable generalization of Jordan (Traité, p. 440, 
§ 578), we can give the following elementary definition of 
the generalized hypoabelian groups. The first and second 
hypoabelian groups in the GF[2"] are the groups of linear 
homogeneous substitutions 


(ag, tra) 
(8, + 241) 
which leave invariant the respective functions 
+12), 


where 2 is a mark such that &7, + 4(&, + 7,’) is an irre- 
ducible quadratic form in the field. The orders of the 
groups are respectively 

+ Compare Jordan, Traité des substitutions, p. 219. 


* “* 4 class of linear groups including the abelian group,’’ Quar. Jour. 
of Math., July, 1899. 


(i=1, ---,m) 
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2(2™ 1) 1) 2} 
— 1) 2m) [(2" — 1) 2”). 


Each group has a subgroup of index two, defined by the in- 
variant equation 


2 +B (a? + By + + =m, 


the terms in /’ not occurring for the first hypoabelian group. 
The subgroup is simple in the case of the first hypoabelian 
group if m> 2, and for the second hypoabelian group if 
m>1. For m= 2,* the former has two factors of composi- 
tion each equal to (2”— 1)2”. 

A definition of the abelian and the two hypoabelian 
groups as groups of isomorphisms of certain elementary 
groups has been given by the writer.{ Consider, for ex- 
ample, the abstract group F generated by the operators 
6, A,, -, A,, B,,-~, B,, all of period p and mutually commu- 
tative except the pairs A, B, for which 


A,B, = 9 BA, (i = 1, 2, ---, m). 
The group of isomorphisms of F is isomorphic with the 
abelian linear group for p> 2 and with the first hypo- 
abelian group for p = 2. 
§9. The Orthogonal Group. 


This group is formed of the linear homogeneous substitu- 
tions on m indices é,, ..., =, inthe GF[p"], p > 2, which leave 


invariant the function 5 &?. Its order and generators 


i=1 
were determined by Jordant for the case n = 1, certain ex- 
ceptional cases being overlooked, and by the writer§ for 
eneral n. It is generated by the following substitutions 
foal those indices which are altered are written]: 


C,: 
og: een, 


with two exceptional cases, when additional generators are 
necessary, viz., 


* Amer. Jour. of Math., July, 1899, p. 249. 

t Abstract in the BULLETIN, April, 1899 ; complete in the Transactions. 
} Traité des substitutions, pp. 155-177. 

¢ BULLETIN, Feb., 1898. 
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= §, + & 4+ 23, 

for p" = 5, mS3, (R*=1), 


for p* = 3, m= 4, 


Its structure has been fully determined by the writer in 
several distinct manners.* For m odd and > 1, the orthog- 
onal group has the factors of composition 2, 2, and 


the case p" = 3, m= 3 being an exception, the factors being 

For m even and > 4, it has the factors of composition 
2, 2, 2, and 


1) 


« being + 1 according to the form 41 + 1 of p". 

For m = 4, it has the factors of composition 2, 2, 
4(p™ — 1) p", 4 (p*"— 1) p" and 2, except in the cases p* = 2 
and 3, when the composite numbers 6 and 12 respectively 
are to be replaced by their prime factors. 


§10. Other Linear Groups with a Quadratie Invariant.+ 


Every m-ary linear group in the GF [ p"], p> 2, defined 
by an invariant which is a quadratic form of determinant 
not zero in the field, can be transformed into the orthogonal 
group if m be odd; while for m even, it can be transformed 
either into the orthogonal group or else into the group leav- 
ing invariant the form 


m—1 
> + (v = not-square). 
t=1 
The latter group has for m > 2, the factors of composition 
2, 2, and 


* Proc. Calif. Acad. Sci. (3), vol. 1, nos. 4-5; BULLETIN, May, 1898; 
Amer. Jour. of Math., July, 1899; Proc. Lond. Math. Soc., vol. 30, pp. 
70- 


98. 
t Amer. Jour. of Math., July, 1899. 


+846 
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—1) 

For m= 2, it is simply isomorphic with the linear frac- 
tional group in the GF [p*"]. 

Every m-ary linear homogeneous group in the GF([2*] 
defined by a quadratic invariant, not expressible as a quad- 
ratic form in fewer than m variables, can be transformed 
linearly into a group which, for m even, is either the first 
or else the second hypoabelian group; while for m odd, 
m= 2M + 1, it is the group leaving invariant 


The latter group is simply isomorphic with the abelian 
group on 2M indices in the GF[2"]. 
§11. Linear Group defined by the Invariant 5 Sate ae 
i=1 
For q = 2, this group was studied at length by the writer 
( Proce. Lond. Math. Soc., vol. 30, pp. 70-98), and for 
q> 2 (Ibid., pp. 200-208). For q=2, p> 2, the group is 
isomorphic with the orthogonal group, except in the case m 
odd and — 1 a not-square in the field, when it is isomorphic 
with the group of §10. For q > 2, the substitutions leave 
the products (i= 1, --, m) separately invariant, or 
else merely permute ‘them. ‘Its structure is therefore evi- 
dent. 
§12. The Hyperorthogonal Group. 


In a paper contributed to the Mathematische Annalen, the 
writer has determined the order, generators, and structure 
of the linear homogeneous m-ary group defined by the in- 
variant 


(r>2). 


There exists no continuous group leaving invariant ¢r 
(r > 2), while the only errant es of ¢,= 0 into itself are 
those leaving the terms /,5,’, ---, 4,§,," separately fixed, or at 
most permuting them. The eater result holds for linear 
substitutions in the GF[p"], if r be neither a multiple of p 
nor of the form p’+1. If r be of either of these two forms, 
the determination of the group reduces to that of the group 


in the GF[p”] leaving invariant = &?"+'_ The latter group 


may be called the Hyperorthogonal. Group, since those of its 
substitutions which belong to the GF[ ml form the orthog- 
onal group in the GF[p’]. 
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The hyperorthogonal group is generated by the substitu- 
tions 


€/ 
+ BF 


except for the case p* = 2, m=3, when a new generator is 
necessary, for example, 


nie 
a [? + 7+ 1=0 (mod 2)]. 
Those of its substitutions having determinant unity form 
a self-conjugate subgroup of index p’+1. The factors of 
composition of this subgroup are the prime factors of d and 
the composite number 


[p™ 1} P's 
where d is the greatest common divisor of m and p* + 1. 
The cases m= 3, p’'=2;m=2, m=2, p*’=3 are 
exceptional. For m = 2, the linear substitutions in the GF 
[p* ] which have determined unity and which leave invar- 
iant £"+'+4 £,"*" form a group isomorphic with the linear 


fractional group in the GF [p']. 
$13. The Hyperabelian group. 


This group consists of the totality of linear homogeneous 
substitutions on 2m indices in the GF [p™] which leave 
invariant 


The totality of- substitutions with coefficients in the 
GF [p"] which leave ¢ invariant forms a subgroup which is 
readily recognized as the abelian linear group on 2m indices 
in the GF [p"]. Hence the name hyperabelian.* It is 
easily proven to be simply isomorphic with the hyperor- 
thogonal group on 2m indices in the GF [p”*]. 


* Dickson: ‘‘Concerning the four known simple groups of order 25920, 
with an introduction to the hyperabelian group,’’ Proc. Lond. Math. 
Soc., vol. 30 (1899). 
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§ 14. Isomorphisms between Various Linear Groups. 


The conception of ‘‘ the compounds of a given linear ho- 
mogeneous group,’’ introduced in recent papers by the 
writer,* has proven to be a powerful means of setting up 
isomorphisms. The group of quaternary linear homogeneous 
substitutions of determinant unity in the GF[p”] is isomor- 
phic with a subgroup of the senary linear group leaving in- 
variant £7, + £7, + &,, and hence, according as p* = 2", 
41+ 1, or 4l—1, to the senary first hypoabelian group, the 
senary orthogonal group, or the group of § 10. 

The simple group of order }( p” — 1)( p™ — 1)p™ derived 
from the quaternary abelian group and that from the qui- 
nary orthogonal group, each in the GF[ p"], p >2, are sim- 
ply isomorphic. ; 

The following four simple groups of order 25920 are sim- 
ply isomorphic : + 

1°. The abelian group on four indices modulo 3. 

2°. Thesecond hypoabelian group on six indices modulo 2. 

3°. The orthogonal group on five indices modulo 3. 

4°. The hyperabelian group on four indices in the GF[2’]. 

In the paper cited an abstract group, asubstitution-group 
on 36 letters, and one on 27 letters are given, each iso- 
morphic to the above groups of order 25920. 


SHORTER NOTICES. 


Lecons sur la détermination des orbites, professées 4 la Faculté 
des Sciences de Paris. Par F. Tisseranp ; redigées et de- 
veloppées pour lescalculs numériques, par J. PercHort ; 
avec une Préface de H. Porncareé. Paris, Gauthier- 
Villars et Fils. 1899. 4to, xiv + 124 pp. 


TissERAND is chiefly known outside of France for his 
Traité de mécanique céleste—a monument of labor under- 
taken and carried out amid the pressure of many duties. 
He had in fact an enormous capacity for work and in his 
numerous memoirs left few parts of theoretical astronomy 
untouched. The volume of 120 quarto pages before us, 
edited by M. Perchot, shows him working for the practical 


* “Concerning a iinear homogeneous group in variables isomor- 
phic to the general linear homogeneous group in m variables,’? BULLETIN, 
Dec., 1898. ‘‘ The structure of certain linear groups with quadratic in- 
variants,’’ Proc. Lond. Math. Soc., vol. 30, pp. 70-98. ‘‘A new defini- 
tion of the general abelian linear group,’’ Transactions (read Feb. 1899). 

+ Proc. Lond. Math. Soc., vol. 31. Abstract in BULLETIN, May, 1899, 
p. 384. 
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astronomer. The problem of the determination of an orbit 
from three observations is not exactly an enticing one. It 
is a tiresome piece of analysis which appears to offer little 
scope at the present time for the aspiring mathemati- 
cian. In the case of a parabolic orbit the solution can even 
be made without successive approximations as M. Poincaré 
points out in the preface. In the case of an elliptic orbit, 
almost the only point of mathematical interest is the pres- 
ence of a transcendental equation. 

The treatises on this subject are well known, if not nu- 
merous. Gauss, in his Theoria motus, laid the foundations 
of the method at present in practical use, while Laplace a 
short time before had given a different furm of solution. 
In the preface to the ‘ Legons,’ M. Poincaré has devoted 
some space to showing that Gauss’s method is really equiva- 
lent to that of Laplace in spite of their apparent dissimi- 
larity. The former has, however, been fully worked up 
with tables and formule for practical use in the great 
treatises of Oppolzer (of which there is a French transla- 
tion) and Watson. In spite of the fact that a computer 
who has at his finger ends the notation and formule given 
in either of the last named volumes, will probably not care 
to change to another, M. Tisserand’s work may neverthe- 
less be found of ust. The equations are developed quickly 
and easily, and moreover are all put together in a form 
which admits of immediate application. The young astron- 
omer, unless he has acquired a firm grasp of his mathe- 
matics, may perhaps find it somewhat difficult to see the 
bearing of all the formule owing to the brevity of the 
explanations. 

There are two chapters. The first on the method of 
Olbers for the determination of the orbit of a comet from 
three observations ; the second on Gauss’s method for the 
similar determination of the orbit of a planet. A numer- 
ical example of the latter, fully worked out, is set forth, 
showing the form in which the calculations would be actu- 
ally made. Tables VIII and IX of Oppolzer’s treatise 
are reproduced. 

Ernest W. Brown. 


Vorlesungen iiber mathematische Physik, Band I, Mechanik. Von 
Gustav Kircuuorr. 4° Auflage von W. Wien. Teubner, 
Leipzig. 

Kircauorr’s four volumes on mathematical physics which 
have appeared at various times since 1876 are so well known 
that little need be said about them here. The first volume 
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on general mechanics has already reached its fourth edition. 
The second and third editions were issued under the super- 
intendence of the author. Dr. Wien has had the advan- 
tage of the author’s manuscript notes, found after his 
death, in preparing the volume for the fourth edition. No 
changes have, however, been made beyond the correction of 
printer’s errors and the removal of slight obscurities. One 
of the best testimonies that we can give to the care and 
ability which Kirchhoff devoted to the original volume is 
to say that those who possess any one of the first three issues 
will not find it necessary to buy this last edition. 
Ernest W. Brown. 


Legons élémentaires sur la théorie des formes et ses applications 
géometriques, a usage des candidats a l’agregation des 
sciences mathematiques. Par H. AnpoyEer. Paris, Gau- 
thier-Villars et Fils, 1898. 4to, 184 pp. Lithographed. 
Tuis title represents accurately the contents of the book. 

A restricted list of topics is adequately treated. Geomet- 

rical applications are plentiful but do not encroach upon 

nor obscure the purely algebraic theory. The treatment is 
perhaps elementary, but in style simplicity is less notice- 

able than brevity. The work as a whole is more nearly a 

syllabus than a textbook for the beginner, and as a sylla- 

bus it cannot fail to become widely known and valued. 

Binary and ternary forms are introduced, but of binary 
forms only linear, bilinear, quadric, cubic, and quartic forms 
are discussed ; and of ternary, only linear, bilinear, and 
quadric. The bilinear ternary form in cogredient variables 
I do not remember having seen in any earlier text, although 
psaimon’s Higher plane curves gives a brief geometrical 
discussion of skew reciprocity ; its inclusion here together 
with the form bilinear in contragredient variables must be 
commended by geometricians. Duality as a method stands 
certainly on a par with projectivity. 

Two points of excellence are worthy of special mention. 
The first is that from the outset stem forms are assumed to 
contain several sets of variables ; and this convention is ob- 
ser -d in the case of each particular form, an unlimited 
number of sets of cogredient variables being adjoined. Of 
course this amplifies the complete system of each stem form, 
but the extension is easy, since no new types occur. The 
second novel merit is that the term polar is so defined as to 
include such operations as Aronhold’s. If so-called vari- 
ables are replaced by cogredient variables, the process is 
ordinarily called a polar operation, and M. Andoyer sees no 
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reason why a different term should be needed when coeffic- 
ients are replaced by cogredient coefficients. The reason 
why the operation is invariant is the same in both cases. 
As illustrating the degree of elegance attained by M. An- 
doyer may be cited from §3, Chapter I, the proof (suscep- 
tible of improvement, though not of simplification in form) 
that absolute invariants exist ; and the entire §2 of chapter 
III, which sets forth the relation of a homography to a 
binary bilinear form. 

In a text prepared especially to emphasize geometrical 
applications, the purely algebraic side of any problem is 
naturally of only secondary importance. Here the student 
learns to think of invariance as based on reasons rather 
than on specific normal forms; it is not important for the 
beginner to reduce the canonizant, for example, to typical 
form, and it is important to see clearly that every eliminant 
of a set of equations must be an invariant, regardless of 
the notation used to expressit. This principle leads to a 
preponderance of reasoning over reckoning, and the post- 
ponement of purely algebraic problems. While complete 
form systems are given for each special stem form, Gordan’s 
theorem is simply stated without proof. Nor is there any 
mention of Hilbert’s theorems (though on p. 101 it is stated 
that ‘‘ Le théorem de Gordan subsiste dans le domaine ter- 
naire,’’) nor of the enumeration problems solved by Syl- 
vester and Deruyts. This marks the elementary character of 
the work, and leaves much to be looked for from the larger 
compend which, the preface tells us, the author has had in 
preparation already for some years. 

Henry 8. WHITE. 


Sur les lois de réciprocité. Par X. Srourr, professeur a la 
Faculté des Sciences de Besancon. Paris, Hermann, 
1898. 8vo, 31 pp. 

Tue laws of reciprocity have been the object of numerous 
mathematical researches, the chief of which are the memoirs 
of Jacobi, Eisenstein, and Kummer in Crelle’s Journal. 
Stouff proposes to apply n-dimensional geometry to the sub- 
ject following the examples of Minkowski’s geometry of 
numbers.* At bottom the question of the laws of reci- 
procity appears to have a natural and close connection with 
the fuchsian polygons of Poincaré generalized for space 
of any number of dimensions. The intervention of these 
polygons appears implicitly in Gauss’s memoir on biquad- 


* Minkowski, Geometrie der Zahlen, Leipzig, Teubner, 1896. 
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ratic residues ; the works of Stieltjes appertain here also. 
Certain differences between the various orders of residues 
explain themselves by difference in properties of spaces of 
different dimensions. The geometric reasoning of the 
author presupposes familiarity with transcendental geometry 
on the part of the reader; where the theorems admit of 
immediate extension to space of any number of dimensions 
the exposition is made for five dimensional spaces. It is be- 
yond the scope of this short notice to recapitulate the re- 
sults, which, in the nature of the subject, resist compression. 
E. O. Lovert. 


Legons sur la théorie analytique des équations aux dérivées partiel- 
les du premier ordre. Par Er1tenne Dexassvus, chargé de con- 
férences 4 l’Université de Lille. Paris, Hermann, 1897. 
8vo, 88 pp. 

Tue theory of partial differential equations has reached a 
high degree of perfection, but the theory in its present form 
lacks unity, its various parts resulting from particular prop- 
erties and remaining almost independent of one another. 

Thus the integration of linear systems rests on a partial 
extension of the theorem of Cauchy ; in non-linear systems 
it is necessary to distinguish two cases according as the un- 
known function does or does not enter, since the method of 
Jacobi and Mayer experiences modifications in passing from 
one to the other ; further the method of Lie is demonstrated 
only for systems in which the unknown does not figure, and 
is the consequence of a theorem which results from the 
theory of characteristics or from a method of Jacobi. 

The object of the memoir of Delassus is to unify this sys- 
tem of details by determining a canonical form altogether 
general and establishing a general existence theorem. In 
the case of systems in which the unknown does not enter, 
this canonical system coincides with the form in involution, 
but it is no longer the same when the unknown enters ex- 
plicitly. Upon this general canonical form Delassus estab- 
lishes a fundamental existence theorem which he calls for 
short the generalized theorem of Cauchy ; the demonstration 
of it yields the following theorem which plays a capital réle 
throughout the theory : The integration of a system of par- 
tial differential equations of the first order having but one 
unknown can always be referred to that of a single equa- 
tion of the first order. This theorem was already known 
for the case where the unknown function is absent, having 
been demonstrated by Lie by means of the general theory 
of characteristics and then by Mayer who employed a 
method of integration of Jacobi. 


| 
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The author employs the geueralized theorem of Cauchy 
to formulate the generalized problem of Cauchy which, if 
solved, would effect the integration completely ; to study 
singular solutions which he classifies according as they are 
simply, doubly, and so on to n-ply singular ; and finally to 
investigate precisely the transformation which changes a 
system where the unknown is present into one where it is 
absent. 

The theorem on the reduction to a single equation fur- 
nishes immediately a method of integration of linear sys- 
tems, the method of Mayer, the simplest known. For the 
integration of non-linear systems the author presents the 
theory of the complete integral in the ordinary manner, but 
adds the solution of the problem of Cauchy by means of 
such an integral without the geometric considerations rela- 
tive to characteristics. 

The exposition of the method of Jacobi and Mayer is 
made without using any algebraic properties of the bracket 
expressions and without any reference to the presence or 
absence of the unknown ; moreover Delassus shows that the 
method leads always to a complete integral. He finds finally 
the method of Lie as an immediate consequence of the above 
reduction theorem, and without raising any question relative 
to the unknown function. 

A list of forty examples of simultaneous systems forms 
the second part of this most valuable contribution to the 
theory of the linear partial differential equation. 

E. O. Lovert. 


NOTES. 


Tue Chicago Section of the AMERICAN MATHEMATICAL 
Society will meet at the University of Chicago on Thurs- 
day and Friday, December 28 and 29 next. Titles and ab- 
stracts of papers to be read should be in the hands of the 
Secretary of the Section not later than December 12. 


Amonce the officers of the American association for the 
advancement of science for the coming year are: Professor 
R. S. Woopwarp, Columbia University, president; Pro- 
fessor CHARLES BasKERVILLE, University of North Carolina, 
general secretary ; Professor AsapH Hatt, Jr., University 
of Michigan, vice-president of section A, mathematics and 
astronomy ; Dr. W. M. Strrone, Yale University, secretary 
of section A. 
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Tue meeting of the British association for the advance- 
ment of science was held at Dover, September 13-21. Pro- 
fessor J. H. Poyntine was president of the mathematical 
section, and Mr. E. T. Wuirraker secretary. The follow- 
ing papers were presented to the section: Report of the 
committee appointed to calculate tables of certain inte- 
grals; Report of the committee appointed to calculate 
tables of certain mathematical functions; Mr. Francis 
Gatton, F.R.S., ‘‘ The median estimate ;’’ Professor A. 
R. Forsyru, F.R.S., *‘ A system of invariants for parallel 
configurations in space ;’’ Professor J. D. Everert, F.R.S., 
‘‘On the notation of the calculus of differences ;’’ Profes- 
sor A. C. Dixon, ‘‘ On the partial differential equation of 
the second order ;’’ Professor A. R. Forsyru, F.R.S., “On 
singular solutions of ordinary differential equations ;’’ Pro- 
fessor Irvine StrinecHamM, “ On the fundamental differential 
equations of geometry ;’? Mr. E. T. Wairraxer, ‘ Report 
on recent progress in the problem of three bodies ;’’ Pro- 
fessor E. O. Lovett, ‘‘ An application and interpretation of 
infinitesimal transformations ;’’ Lieut. Col. A. J. C. Cun- 
NINGHAM, ‘‘On Fermat’s numbers. ’’ 


Tue German mathematical association held its annual 
meeting at Munich from the 17th to the 23d of September 
in connection with the association of scientists and physi- 
cians. The preliminary programme includes the following 
papers in the order of announcement:—K. HeEnseEt, Berlin, 
‘« On the analytico-arithmetical theory of algebraic functions 
of two variables ;’? K. Hrun, Berlin, ‘‘ The kinetical prob- 
lems of scientific technology ;’’ E. Srupy, Greif-wald, 
‘*Geometry of dynames ;’”’ R. Meumxke, Stuttgart, and J. 
BavuscuHinGER, Berlin, ‘‘ Discussion of the decimal division 
of angles and time;’’ H. Weser. Strassburg, and G. Hauck, 
Berlin, ‘‘On the organization of university mathematical 
instruction to accord with the new Prussian examination re- 
quirements ;’’ K. Don_emann, Munich, ‘‘ On hyperboloidal 
straight lines ;’? F. Encer, Leipzig, ‘‘On two remarkable 
groups in space of five dimensions ;’’ P. Gorpan, Erlangen, 
‘*On symmetric functions ;’’ D. HitBert, Gottingen, ‘‘ On 
the number concept ;’’ ‘‘On Dirichlet’s principle ;’’ J. Horn, 
Charlottenburg, ‘‘ Divergent series in the theory of differ- 
ential equations ;’’ G. Kony, Vienna, ‘‘On the geometry 
of Klein’s group of 360 collineations and 360 correlations ;’’ 
M. Lercg, Freiburg, Switzerland, Arithmetical considera- 
tions on infinite series ;’’ L. Maurer, Tubingen, ‘‘ Invari- 
ance under special groups of linear substitutions ;’’ F. 
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Meyer, KOnigsberg, ‘‘ On the notion of equivalence of geo- 
metrical propositions;’? M. NorTHER, Erlangen, ‘‘Riemann’s 
lectures of 1861-62 on abelian functions;’’ E. Scuimpr, 
Bochum, ‘‘ Introduction of a measure of convergence and di- 
vergence in the theory of infinite processes (series, products, 
continued fractions, ete. );’’ L. ScHLEsincGER, Klausenburg, 
‘*On Riemann’s posthumous paper on the theory of linear 
differential equations ;’’ J. Sommer, Gottingen, ‘‘On quad- 
ratic manifoldnesses in five-dimensional space;’’ A. SomMER- 
FELD, Clausthal, ‘‘On Weierstrass’s criteria in the calculus 
of variations ;’’ E. v. WEBER, Munich, ‘‘ A fundamental 
classification of differential problems.’’ Pedagogical papers 
from Rupe, of Nurnberg, Scuotren, of Halle, and TreEvt- 
LEiN, of Karlsruhe, were also announced. 


On the seventeenth of last June the statue erected to the 
memory of CarRL FriepricH Gauss and WILHELM WEBER 
was unveiled at Gottingen with appropriate ceremonies. The 
monument in bronze, on a granite base, represents Gauss 
seated inan arm-chair and Weber standing by his side and ap- 
parently discussing with him their joint invention, the elec- 
tric telegraph. It is the work of the Berlin sculptor Hartzer. 
The principal address of the celebration was delivered by 
Professor Woldemar Voigt who sketched in brief and preg- 
nant words the scientific career of the two men. A large 
number of delegates from various scientific institutions and 
other guests were present at the unveiling and the succeed- 
ing banquet. An exhibition of manuscripts by Gauss and 
Weber, of instruments used by them, and of other relics 
was arranged in the Aula of the University and attracted 
much attention. The Festschrift published in commemora- 
tion of the day contains two valuable memoirs, one by Pro- 
fessor Hilbert, ‘‘On the foundations of euclidean geometry,”’ 
the other by Professor Wiechert, ‘‘ On the theory of electro- 
dynamics.’’ The University of Gottingen‘ took this oppor- 
tunity to confer the honorary degree of doctor of philosophy 
on Professor G. H. Darwin, of Cambridge, Professor Geitel, 
of Wolfenbittel, Professor J. Hadamard, of Paris, Profes- 
sor Lorentz, of Leiden, Professor E. H. Moore, of Chicago, 
Professor Righi, of Bologna, and Professor von Sterneck, 
of Vienna. 

Tue international congress of philosophy in connection 
with the Paris exposition of 1900 will be held from the 2d 
to the 7th of August. The section devoted to the history 
of the sciences has made liberal provision in its programme 
for the discussion of the fundamental notions of mathe- 
matics. 


| 
| 
| 
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Tue Paris academy of sciences has been authorized to in- 
crease the number of its national and foreign correspondents 
from one hundred to one hundred and sixteen. 


A MATHEMATICAL society has been organized at Liverpool, 
England, to be known as the Liverpool mathematical 
society. Mr. Walter Stott is honorary secretary. 


Tue London mathematical society has decided to issue 
its Proceedings in two volumes per annum. 


M. GavuTuier-ViLLars, of Paris, announces the early ap- 
pearance of the following mathematical works:—A two 
volume treatise on the theory of forms and higher analytic 
geometry, by ANDOYER ; an elementary treatise on the theory 
of numbers, by CAHEN ; a treatise on geometrical optics, by 
Wa toy ; the scientific works of G. Rost, including the 
memoirs on the theory of functions founded exclusively on 
the idea of number, and those on mathematical physics and 
general thermodynamics, edited by L. Rarry ; an index to 
the Comptes rendus from 1881 to 1895, including volumes 92 
to 121. 


Tue fall announcements of M. Hermann, of Paris, in- 
clude Recherches sur les fonctions de variables réelles, by 
R. Barre ; Sur les fondements de la théorie des ensembles 
transfinis, by G. Cantor, translation by F. Marorre, of 
the two well known memoirs of the author published in the 
Mathematische Annalen ; Lecons nouvelles sur les applications 
géométriques du calcul différentiel, by W. de TANNENBERG. 


Messrs. Carré and Naud, of Paris, have a history of 
mathematics by Boyer in the press, and an annuaire of 
mathematicians in preparation. 


Proressor R. S. Batu is engaged on a treatise on the 
theory of screws which is to be considerably larger than his 
former book on that subject. It will be published by the 
Cambridge university press. 


Tue second volume of Professor A. R. Forsytu’s theory 
of differential equations is in the press. 


The following courses of lectures have been announced 
for the winter semester 1899-1900 :— 


University oF Bertin.—By Professor H. A. Scuwarz: 
Analytical geometry, four hours ; Maxima and minima, two 
hours; Elliptic functions, four hours ; Colloquia, two hours ; 
Mathematical seminar, two hours.—By Professor E. R. 
Hoppe: Analytical geometry, four hours; Differential cal- 
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culus and theory of series, four hours.—By Professor J. 
Kwyosiavucu : Differential calculus, four hours; Applica- 
tions of elliptic functions, four hours ; Exercises in differen- 
tial calculus, one hour.—By Professor LEHMANN-FILHEs: 
Integral calculus, four hours ; Method of least squares, one 
hour.—By Professor G. Fropentus: Theory of determ- 
inants, four hours; Theory of numbers, four hours; 
Mathematical seminar, two hours.—By Professor K. HEn- 
SEL: Synthetic geometry, four hours; Geometry of num- 
bers, three hours ; Exercises in the geometry of numbers, 
one hour.—By Professor G. Herrner: Theory of prob- 
ability and of errors, four hours. 


University OF Brestau.—By Professor J. Rosanes: 
Exercises in mathematical seminar, one hour ; Differential 
calculus and elements of integral calculus, four hours; Ele- 
ments of the theory of determinants, two hours.—By Pro- 
fessor R. Sturm: History of mathematics, one hour; 
Mathematical seminar, two hours; Theory of geometrical 
correspondences second part, three hours; Non-euclidean 
geometry, two hours.—By Professor F. Lonpon : Introduc- 
tion to the theory of functions, three hours ; The technology 
of insurance, two hours. 


UNIVERSITY OF ERLANGEN.—By Professor P. GuoRDAN: 
Differential and integral calculus, four hours ; Algebra, four 
hours ; Seminar, three hours.—By Professor M. NoErHER : 
Analytical geometry, four hours ; Differential geometry, 
four hours ; Mathematical exercises. 


University oF GoTrinceN.—By Professor F. Kein: 
Mechanics of deformable bodies, four hours ; Mathematical 
seminar, two hours.—By Professor D. Hi.Berr: Integral 
ealeulus, four hours ; Curvature of surfaces, two hours ; 
Number-concept and quadrature of circle, two hours ; Exer- 
cises in mathematical seminar, one hour.—By Dr. F. 
Scuittine: Descriptive and projective geometry, four 
hours ; Exercises in descriptive geometry, four hou:s ; Ex- 
ercises in differential calculus, one hour.—By Dr. G. Bout- 
MANN: Chapters in the mathematics of insurance, two 
hours; The mathematical foundations of insurance, three 
hours ; Mathematical exercises in seminar, two hours. —By 
Dr. Zermeto: Theory of functions, four hours.—By Dr. 
Sommer: Theory of numbers, four hours ; Exercises in the 
theory of numbers, one hour. 


University OF GREIFSWALD.—By Professor W. THoME: 
Analytical geometry, two hours ; Theory and applications 
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of determinants, two hours; Exercises in mathematical 
seminar, two hours.—By Professor E. Srupy: Mechanics, 
four hours; Applications of the infinitesimal calculus to 
geometry, four hours; Exercises in seminar, one hour. 


University or Professor L. PochHAMMER: 
Plane analytical geometry, three hours; Theory of definite 
integrals, three hours ; Mathematical seminar, one hour.— 
By Professor P. StAcke.: Integral calculus, three hours ; 
Higher geometry, three hours ; Seminar, one hour. 


UNIVERSITY OF KoENIGsBERG.—By Professor F. MEYER : 
Integral calculus, three hours; Exercises to preceding, 
one hour; Elliptic functions, four hours; Seminar, one 
hour.—By Professor A. ScHoENFLIEs: Determinants, one 
hour ; Projective geometry, four hours ; Exercises to preced- 
ing, one hour ; General introduction to higher mathematics, 
two hours.—By Professor L. Saatscattz: Differential 
equations, three hours ; Exercises in differential equations, 
one hour.—By Dr. T. Vaniten; Calculus of variations, 
three hours ; Exercises, one hour. 


University ‘oF Professor G. 
Cantor: Analytical mechanics, four hours; Chapters of 
the infinitesimal calculus, two hours; Exercises in seminar, 
two hours.—By Professor A. WancEeRIN: The most im- 
portant partial differential equations of mathematical phys- 
ics, one hour; Theory of surfaces and space curves, four 
hours; Synthetic geometry, three hours; Mathematical 
seminar, two hours.—By Professor V. EsgrHarp: Chap- 
ters of analytical geometry, one hour ; Theory of numbers, 
four hours. 


University oF HEIDELBERG.—By Professor L. Korntes- 
BERGER: Analytical mechanics, four hours; Calculus of 
variations, differential equations, two hours ; Elliptic func- 
tions, two hours; Seminar, two hours.—By Professor M. 
Cantor: Infinitesimal calculus, four hours; Exercises in 
the calculus, one hour; Political arithmetic, two hours.— 
By Professor F. Etsentonr: Theoretical optics, four 
hours; Infinitesimal calculus, five hours; Potential, two 
hours. ’_By Professor K. KoEHLER: Analytical geometry of 
space, three hours.—By Professor G. LanpsBEeRG : Descrip- 
tive geometry, three hours; Introduction to the theory of 
algebraic equations, two hours. 


UNIVERSITY OF JENA.—By Professor J. THomar: Alge- 
braic analysis, four hours; Mathematical geography, three 
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hours; Seminary, two hours.—By Professor G. FREGE: 
Analytical mechanics, four hours ; Symbolic algebra, two 
hours. 


University oF Lerpzic.—By Professor A. Mayer: 
Higher analytical mechanics, four hours ; Exercises to the 
preceding, one hour.—By Professor C. Neumann: Infini- 
tesimal calculus, four hours ; Seminar, one hour.—By Pro- 
fessor O. HOLpER: Introduction to the theory of functions 
of a complex variable, four hours; Chapters in the theory 
of substitution groups and equations, two hours ; Seminar, 
one hour.—By Professor F. Ence.: Analytical mechanics, 
four hours; Theory of continuous transformation groups, 
two hours ; Seminar, one hour.—By Dr. F. Hausporrr : 
Chapters of higher geometry, four hours.—By Dr. G. 
Kowa.ewsk1: Algebraic invariant theory. 


University oF Municu.—By Professor G. Bavzr: 
Plane analytical geometry ; Conduction of heat in fixed 
bodies ; Seminar.—By Professor F. Linpemann: Differen- 
tial calculus ; Abelian functions ; Mathematical seminar on 
theory of automorphic functions and application of elliptic 
functions.—By Professor A. PrinesHerm : Introduction to 
the theory of analytic functions ; Elementary theory of in- 
finite algorithms (Series, products, continued fractions).— 
By Dr. H. Bruny: Introduction to the mathematical 
foundations of natural science.—By Dr. K. DoHLEMANN: 
Descriptive geometry and exercises; Synthetic geometry 
and exercises.—By Dr. E. v. Weser: Introduction to 
analysis ; Introduction to the Cauchy-Riemann theory of 
functions. 


Tue London mathematical society has conferred its De 
Morgan medal on Professor W. BurnsipE for his mathe- 
matical researches in the theory of groups of a finite order. 


Tue Adams prize offered by the University of Cainbridge 
for an essay on the theory of the aberration of light has 
been divided between Mr. J. Larmor, fellow of St. John’s 
college, senior wrangler 1880, and Mr. G. T. WALKER, 
fellow of Trinity college, senior wrangler in 1889. 


Tue Madrid academy of sciences recently announced the 
results of the competition for its mathematical prize set in 
1897. There were three competitors. Professors Gino 
Loria, of the University of Genoa, and Gomes Te1xErrA, of 
the Polytechnic of Oporto, each received a prize, and Joaquin 
DE VARGAS Y AGUIRRE, Of Salamanca, an honorable mention. 
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Tue honorary degree of doctor of laws has been recently 
conferred on Professor A. R. Forsyta by Dublin Univer- 
sity, and that of doctor of civil law on Professor Simon 
Newcoms, by Oxford University. 


Proressor L. Fucus has been made rector of the Univer- 
sity of Berlin for the current year, and Professor E. Nerro 
has received the same appointment at the University of 
Giessen. 


Mr. H. M. MacDonatp, of Clare College, Cambridge, 
fourth wrangler in 1889, has been appointed to the Univer- 
sity lectureship in mathematics made vacant by Professor 
A. E. H. Love’s recent resignation to accept the Sedleian 
professorship in mathematics at Oxford University. 


Lorp Ketvin has resigned the chair of natural phil- 
osophy in Glasgow University after a tenure of fifty-threc 
years. 


Dr. Mitton Uppeecrarr, professor of astronomy in the 
University of Missouri, has been appointed to a professor- 
ship in mathematics in the United States naval observatory. 


Dr. L. E. Dickson has resigned an assistant professorship 
of mathematics in the University of California to accept an 
associate professorship in the University of Texas. 


Mr. Perer Fie p, fellow in Cornell University, has been 
appointed professor of mathematics in Carthage College. 


Tue following have recently qualified as privatdocenten : 
Dr. GrassMANN, at the University of Halle; Dr. Kowa- 
LEwskI, at the University of Leipzig; Dr. J. Gorrrier, at 
the University of Munich. 


Messrs. T. BrrtwHistLE, of Pembroke College, and R. P. 
PaRANJPYE, of St. John’s College, were bracketed for the 
senior wranglership of this year at Cambridge University. 
The Smith’s prizes for 1899 were awarded to Messrs. W. H. 
Austin and G. W. WaLkKER, of Trinity College, senior and 
fourth wranglers in 1897. Mr. Parangpye is the first na- 
tive of India to attain the honor and Mr. Brrtwuist_e is 
the first member of Pembroke College to achieve it since 
Sir Gzurce Stokes who was senior wrangler in 1841. 


At Emmanuel College, Cambridge, Mr. G. T. BENNETT, 
senior wrangler, 1890, hasbeen elected to a senior fellow- 
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ship, and Mr. H. S. Carstaw, fourth wrangler 1894, toa 
junior fellowship. 


Mr. A. H. Witsov, instructor in mathematics at Prince- 
ton University, has been granted a year’s leave of absence, 
aad Dr. L. W. Rep has been appointed to an instructor- 
ship in the same institution. 

Tue following mathematicians have been elected to fel- 
lowships in the Reale Accademia dei Lincei: Professor P. 
Tarpy and G. VERONESE, as ordinary fellows; Professor 
G. Ricci, as corresponding fellow; Professor G. Mirrac- 
LerFr_er and J. WEINGARTEN, as foreign fellows. 


Proressors F. Kern and W. Nernst, of Gottingen, have 
been elected to foreign membership in the academy of sci- 
ences of Budapest. 


Ar its recent decennial celebration Clark University con- 
ferred the honorary degree of doctor of laws on five scien- 
tists among whom were Professors Picarp, of Paris, and 
Bo.itzMann, of Vienna. 

Mr. J. D. Tuompson, of Trinity College, Cambridge, has 
been elected to an assistant professorship of mathematics in 
the University of West Virginia. 

Dr. F. H. Sarrorp, of Harvard University, has been 
made assistant professor of mathematics at the University 
of Cincinnati. 

Mr. Howarp OppixeE has been promoted to an assistant 
professorship of mathematics at Union College. 

Dr. H. Y. Benepicr and Mr. I. N. Purnam have been 
appointed instructors in mathematics at the University of 
Texas. 

Tue Right Rev. Coar.tes Graves, Lord Bishop of Lim- 
erick, professor of mathematics at Trinity College since 
1843, died recently at the age of eighty-seven years. 

Tue deaths are announced of Professor Ropert WILHELM 
Bunsen, August 16th, 1899, at the age of eighty-eight years; 
of M. Gruzss, one of the editors of L’éducation mathématique, 
at the age of forty-two years. 
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NEW PUBLICATIONS. 


I. HIGHER MATHEMATICS. 


APPELL [P.]. Eléments d’analyse mathématique 4 1’ usage des ingénieurs 
et des physiciens. Cours professé 4 1’ Ecole centrale des arts et manu- 
res. Paris, Carré et Naud, 1898. 8vo. 4+-720 pp. Yay 


T. 24.00 
BARBARIN (P.). Notions complémentaires sur les courbes en 
Paris, Nony, 1899. 8vo. 47 pp. Fr. 3.00 


BERNOULLI (JacoB). Wahrscheinlichkeitsrechnung (Ars conjectandi). 
(1713.) Teil. 1 und 2. Uebersetzt und herausgegeben von R. 
Haussner. Leipzig, Engelmann, 1899 12mo. 162pp. (Ostwald’s 
Klassiker der exakten Wissenschaften, No. 107.) Cloth. M. 2.50 


—. Teil 3 ind 4, mit dem Anhang: Brief an einen Freund iiber das 
_~ (jeu de paume). Uebersetzt und herausgegeben von 

R. Haussner. Leipzig, Engelmann, 1899. 12mo. 
(Ostwald’s Klassiker der exakten Wissenschaften, No. 108. ) 


2 350 

BIBLIOGRAPHIA mathematica rossica. List of mathematical works and 
papers published in Ba cg edited by D. Sintsof. No.1: _. 
Kazan, 1898. 8vo. 24 pp. M. 1.20 
—. No. 2: 1897. Kazan, 1899. 8vo. 22 pp. M. 1.20 


BLAKE (E. M.). Upon the ruled surfaces generated by the plane move- 
ments whose centrodes are congruent conics tangent at homologous 
points. (American Journal of Mathematics, Vol. 21, pp. 257-269.) 

1898. 4to. 
BOHLMANN (G.). See GENoccHI (A ) and JAHRESBERICHT. 


BONNEL (J.). Les hypothéses dans la géométrie. L’atome et le tome 
(fin). Paris, Gauthier-Villars, 1898. 8vo. Fr. 1.50 


Bourton (C. L.). Invariants of the general linear differential equation 
and their relation to the theory of continuous groups. Leipzig, 


1899. S8vo. 82 pp. M. 2.00 
BrRAHY (E.). Exercices méthodiques de calcul différentiel. 2e édi- 
tion. Paris, Gauthier-Villars, 1899. Fr. 5.00 


BRocakD (H.). Notes de bibliographie des courbes géométriques. Partie 
pars (Lith.) Bar-le-Duc, Comte-Jacquet, 1899. 8vo. 
84243 pp. 


BRUNEL (G.). See ENCYKLOPADIE. 
BuBNow (N.). See GERBERT. 


CANTOR (G.). Sur les fondements de la théorie des ensembles transfinis. 
Traduit par F. Mariotte. Paris, 1899. S8vo. 100 pp. Fr. 4.50 


‘CANTOR (M.). Vorlesungen iiber Geschichte der Mathematik. Vol. II, 
tirst half : 1200-1550. 2te Auflage. Leipzig, Teubner, 1899. 8vo. 
480 pp. M. 14.00 
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Carnoy. Cours de géométrie analytique. (En 2 volumes.) Vol. II: 
de espace. 5eédition. Paris, 
vO. 11. 


Caucuy (A.). Oeuvres complétes. 2e série, Vol. IV: Résumé des 
legons données 4 1’Ecole polytechnique sur le calcul infinitésimal. 


Legons sur le calcul différentiel. Paris, Gauthier-Villars, 1899. 4to. 
Fr. 20.00 


CHRISTEN (T.). Beitrage zur Verwendung des freien Integrationsweges. 
Basel, 1897. 8vo. 35 pp. M. 1.80 
CuRTZE (M.). NicolausCoppernicus. Eine biographische Skizze. Mit 
dem Bildnis des Coppernicus. Berlin, Paetel, 1899. 8vo. 84 pp. 
(Sammlung populirer Schriften, herausgegeben von der Gesellschaft 
Urania zu Berlin, No. 54.) M. 2.00 


——. See EvcLIpEs. 
CzuBER (E.). See JAHRESBERICHT. 


De MorGAn (A.). On the study and difficulties of mathematics. New 
and annotated edition, with references to date, of the work 

published in 1831, by the Society for the diffusion of useful knowl- 
edge. Chicago, The Open Court Publishing Co., 1899. 8vo. 8+ 
288 pp., portrait. Cloth. $1.25 
Duporcg (E.). Premiers principes de géométrie moderne, 4 l’usage des 
éléves de mathématiques spéciales et des candidats 4 la licence et a 
Vagrégation. Paris, Gauthier-Villars, 1899. 8vo. 7+ 160 


Evuctipes. Operaomnia. Ediderunt J. L. Heiberg et H. Menge. (In 
12 voluminibus.) Supplementum: Anaritii in decem libros priores 
Elementorum Euclidis Commentarii. Ex interpretatione Gherardi 
Cremonensis in codice Cracoviensi 569 servata. Edidit M. Curtze. 
Lipsiae, Teubner, 1899. 12mo. 29-4 389 pp. M. 6.00 


Feur (H.). Application de la méthode vectorielle de Grassmann 4 la 
géométrie infinitésimale. (Thése.) Paris, Carré et Naud, 1899. 
8vo. 100 pp. 


ENCYKLOPADIE der mathematischen Wissenschaften mit Einschluss ihrer 
Anwendungen. Teil I, Band II, Heft 1: Grundlagen der allge- 
meinen Funktionenlehre von A. Pringsheim ; Differential- und In- 
tegralrechnung von A. Voss ; Bestimmte Integrale von G. Brunel. 
Redigiert vou H. Burkhardt. Leipzig, Teubner, 1899. 8vo. og Pp 

4. 


FINSTERWALDER (S.). See JAHRESBERICHT. 


FoRMULAIRE de mathématiques. Vol. II, 22: Arithmétique, par G. 
Peano. Turin, Bocca, 1898. 8vo. 58 pp. 


FRANSEN (A. E.). Om Dirichlets problem for eqvationen 4u—0O och 
liknande upgifter for allmannare eqvationer. Upsala, 1899. 8vo. 
48 pp. M. 2.00 
GANDTNER (J.-O.). Elemente der analytischen Geometrie. 10te Auf- 


lage, herausgegeben vou E. Gruhl. Berlin, 1899. 8vo. —: - 


GANTER (H.) und Rupio (F.). Die Elemente der analytischen Geo- 
metrie. Mit zahlreichen Uebungsbeispielen. Teil II : Die analytische 
Geometrie des Raumes, von F. Rudio. 2te, verbesserte Auflage. 

Leipzig, Teubner, 1899. 8vo. 10-+ 184 pp. M. 2.40 
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GeEnoccHi (A.). Differentialrechnung und Grundziige der Integralrech- 
nung. Herausgegeben von G. Peano. Autorisierte deutsche Ueber- 
setzung von G. Bohlmann und A. Schepp. Mit einem Vorworte von 
A. Mayer. (In 2 Lief.) 2te Lieferung. Leipzig, Teubner, 1899. 
8vo. 7 pp. and pp. 225-399. . 5. 


GERBERTI, postea Silvestri II, papae, opera mathematica (972-1003). 
Accedunt alioram opera ad Gerberti libellos estimandos intelligen- 
dosque necessaria per septem appendices distributa. Collegit, ad 
fidem codicum manuscriptorum partim iterum, partim primum edi- 
dit, apparatu critico instruxit, commentario auxit, figuris illustravit 
N. Bubnow. Berlin, Friedlander, 1899. 8vo. 119 + 620 pp. 

M. 24.00 
oe J.). Untersuchungen iiber den allgemeinen Raumconnex. 
rogr.) Miinchen, Kellerer, 1899. 8vo. 4-52 pp. M. 1.00 


pe (E.). See GANDTNER (J. O.). 


GouLp (E.S.). A primer of the calculus. 2d revised edition, enlarged. 
New York, Van Nostrand Co., 1899. 16mo. 122 pp. (Van Nos- 
trand’s science series, No. 112.) Boards. $0.50 


GuTZMER (A.). See JAHRESBERICHT. 


HantzscH (V.). Sebastian Miinster. Leben, Werk, wissenschaftliche 
Bedeutung. Leipzig, Teubner, 1898. 8vo. 2+ 187 pp. (Schriften 
der K. Sachsischen Gesellschaft der Wissenschaften, Abhandlungen 
der philologisch-historischen Classe, Vol. 18, No. 3.) M. 6.00 


Hauck (G.). See JAHRESBERICHT. 
HAUsSSNER (R.). See BERNOULLI (JAKOB. ). 
HENSEL (K.). See KRONECKER (L.). 


HERONIS ALEXANDRINI opera que supersunt omnia. Vol I: Herons 
von Alexandria Druckwerke und Automatentheater griechisch und 
deutsch herausgegeben von W. Schmidt. Im Anhang Herons Frag- 
ment tiber Wasseruhren, Philons Druckwerke, Vitruvs Kapitel zur 
Pneumatik. Mit einer Einleitung iiber die Heronische Frage und 
Anmerkungen. Supplementheft: Die Geschichte der Textiiber- 
lieferung. Griechisches Wortregister. Leipzig, Teubner, 1899. 
12mo. 72+ 514 + 182 pp. 12.00 


JAHRBUCH iiber die Fortschritte der Mathematik, hegriindet von C. 
-Ohrtmann. Unter besonderer Mitwirkung von F. Miller und A. 
Wangerin herausgegeben von E. Lampe. Vol. 28, Jahrgang 1897, 
in 3 Heften. ites Heft. Berlin, Reimer, 1899. 8vo. 416 -.. a 


JAHRESBERICHT der Deutchen Mathematiker-Vereinigung. Vol. A) 
Heft II: Die geometrischen Grundlagen der Photogrammetrie. 
richt von S. Finsterwalder.— Mechanische Beziehungen bei 
Flichen-Deformation. Bericht von demselben.— Uebersicht iiber die 
wichtigsten Lehrbiicher der Infinitesimal-Rechnung von Euler bis 
auf die heutige Zeit. Bericht von G. Bohlmann. —Herausgegeben 
im Auftrage des Vorstandes von G. Hauck und A. Gutzmer. ae 
Teubner, 1899. 8vo. 4-+110 pp. M. 4.00 


—. Vol. VII, Heft 1: Die Chronik der Vereinigung fiir das Jahr 1898, 
sowie die auf der Versammlung in Diisseldorf gehaltenen Vortrage.— 
Herausgegeben im Auftrage des Vorstandes von G. Hauck und A. 
Gutzmer. Leipzig, Teubner, 1899. 8vo. 159 pp. M. 4.80 


44 NEW PUBLICATIONS. [Oct., 


—— Vol. VIL, Heft 2: Die Entwickelung der Wahrscheinlichkeits- 
theorie und ihrer Anwendungen. Bericht von E. Czuber. Heraus- 
gegeben im Auftrage des Vorstandes von G. Hauck und A. Gutzmer. 
Leipzig, Teubner, 1899. 8vo. 8 + 279 pp. M. 8.00 


JUEL 3 ). Inledning i leren om de grafiske kurver. Avec un résumé 
enfrangais. Kjébenhavn, 1899. 4to. 90 pp ( Vid.-Selsk. 


JuNnKeR (F.). Hohere Analysis. Teil 2: Integralrechnung. 
Géschen, 1899. 12mo. 205 pp. (Sammlung Géschen, No. 


KLEIN (F.). Lectures on selected parts of elementary geometry, re- 
ported by F. Tagert. Russian translation by N. Parfentief and D. 
Sintsof. Kazen, 1898. 8vo. M. 2.50 


KBAHE(A.). Apuntes de Algebra superior, adaptados 4 los programas 
de las escuelas especiales de ingenieros por J. Salmeron y Garcia. 
Madrid, 1899. 4to. 288 pp. Fr. 12.50 

KRONECKER (L.). Werke, herausgegeben auf Veranlassung der Konig]. 
preussischen Akademie der Wissenschaften von K. Hensel. (In 4 
Banden.) Vol. ILI, Halbband 1. Leipzig, Teubner, 1899. 4to. 
8 + 474 pp. M. 36.00 

Lacour (P.). Historisk Matematik. 2te, gennemsete udgave. (In 10 
hefter.) Kjébenhavn, 1899. 8vo. Heft 6-8: pp. 161-256. eee 


LALANDE (P. A.). Quid de mathematica vel rationali, vel naturali 
senserit Baconus Verulamius. Parisiis, 1899. 8vo. 111 pp. Fr. 7.50 


LAMPE (E.). See JAHRBUCH. 


LANGE (J.). Jacob Steiners Lebensjahre in Berlin 1821-63. Nach 
seinen Personalakten dargestellt. Berlin, 1899. 4to. 70 PP.» eo 


trait. 00 
MANSION (P.). Mélanges mathématiques (1883-1898). ie 3 Gau- 
thier-Villars, 1898. 8vo. Fr. 5.00 


MARIoTTE (F.). See CANTOR (G.). 

MascHKE (H.). Die Reduction linearer homogener Substitutionen von 
endlicher Periode auf ihre kanonische Form. 8vo. (Mathematische 
Annalen, Vol. 50, pp. 220-224. ) 

——. Ueber den arithmetischen Charakter der Coefficienten der Substitu-7 
tionen endlicher linearer Substitutionsgruppen. 8vo. (Mathema- 
tische Annalen, Vol. 50, pp. 492-498. ) 

MAYER (A.). See GENoccHI (A.). 

MENGE (H.). See EvcuipEs. 

MULLER (F.). See JAHRBUCH. 

Moura (P.). Theorie und Anwendung der Elementartheiler. Leipzig, 
Teubner, 1899. 8vo. 16 + 236 pp. M. 8.00 

Newson (H. B.). The five types of projective transformations in the 
plane. 8vo. (Kansas University Quarterly, Vol. 8, 1899, pp. 43-66. ) 

OcAGNE (M. pb’). Traité de nomographie. Théorie des abaques ; ap- 


plications pratiques. Paris, Gauthier-Villars, 1899. 8vo. 14+ 
480 pp. Fr. 14.00. 


1899.] NEW PUBLICATIONS. 45 


PARFENTIEF (N.). See KLEIN (F.). 
PascaL (E.). Die Variationsrechnung. Autorisirte deutsche Ausgabe 
von A. Schepp. Leipzig, Teubner, 1899. 8vo. 6+ 146 kA 
3.60. 


PEANO (G.). Analisi della teoria dei vettori. Torino, Clausen, 1898. 
8vo. 24 pp. (Accademia reale delle scienze di Torino, anno 1897-98. ) 


——. See ForMuLAtIRe and GENoccui (A.). 
PIeETzKeER (F.). Beitrage zur Funktionen-Lehre. Leipzig, Teubner, 


1399. 8vo. 5-+ 64 pp. M. 2.80. 
(P.). Sept lois fondamentales de la logique 
in, 1899. 8vo. 158 pp. M. 3.50. 


ade (A.). See ENCYKLOPADIE. 

Rupio (F.). See GANTER (H.). 

Sarnt-Loup. Note sur les carrés magiques. Besancon, Jacquin 
[1899]. 8vo. 10 pp. 

SALMERON y GARcIA. See KRAHE (A.). 

ScHEFFERs (G.). Ueber gewisse zweifach 1 unendliche Curvenschaaren in 
der Ebene. (Berichte der math Classe der K. Sach- 
sischen Gesellschaft der Wissenschaften zu » Leipzig, 24 October, 1898. ) 
8vo. Pp. 261-294. 

—._ Synthetische Bestimmung aller Beriihrungstransformationen der 
Kreise in der Ebene. 8vo. (Berichte der 
Classe der K. Sachsischen Gesellschaft der Wissenschaften zu Leipzig, 6 
Marz, 1899). Pp. 145-160. 

Scuepp (A.). See Genoccat (A.) and Pascat (E.). 

Scumipt (W.). Heron von Alexandria ; Uebersicht iiber seine Schriften 
und seine physikalisch-technischen Apparate. Leipzig, Teubner, 
1899. 8vo. 15 pp., 3 plates. M. 0.80 


—. See HERo. 


SINTsoF (D.). See BIBLIOGRAPHIA and KLEIN (F.). 


SomMMER (J.). Ueber die Bestimmung ausgezeichneter Punktgru ppen 
auf Curven vom Geschlecht p. Tiibingen, 1898. 8vo. 33 pp. M. 1.50 


(N.I.). Integralcaleulus. Part I. (Russian.) St. 
1898. 4to. 244414 pp. (Lith.) M. 5.00 


SPINDLER (K.). Ein Beitrag zur Einfiihrung in das Gebiet der raum- 
lichen Configurationen. Teil JI[. Diedenhofen, 1898. 8vo. 28 a 


StourF (X.). Sur les lois de réciprocité. Paris, Hermann, 1898. 8vo. 
31 pp. 

THOLDTE. Das logarithmische Potential von v einander sich ausschlies- 
senden Kreisflichen. Dessau, 1899. 4to. 20 pp. M. 1.50 


Vo.Lkor (M.). Development of the ideas of number. (eee ) St. 
Petersburg, 1899. S8vo. 127 pp. 2.80 


Voss (A.). See ENCYKLOPADIE. 
WANGERIN (A.). See JAHRBUCH. 
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Weta (R.). Ueber eine Verallgemeinerung der Gauss’schen Differen- 


tialgleichung. ( Progr.) Basel, Schwabe, 1899. 4to. vt Spel 


WitczyNskI (E. J.). On systems of multiform functions belonging to 
a group of linear substitutions with uniform coefficients. (American 
Journal of Mathematics, Vol. 21, pp. 85-106.) 1898. 4to. 


WIttson (F. N.). Some mathematical curves and their graphical con- 
struction. A brief treatise on the properties, methods of construction 
and practical applications of conic sections, trochoids, link-motion 
curves, centroids, spirals, the helix, and other important curves. 
For students in mathematical, engineering, or architectural courses, 
draughtsmen, etc. New York, The Macmillan Co., 1899. 4to. 


Cloth. ( Part IIL of Theoretical and practical graphics. ) $1.50 
ZevuTHEN (H. G.). Forelesninger over trekantskoordinater. Kjoben- 
havn, 1898. Svo. 64 pp. M. 2.50 


ZienaGo (J.). Equazioni funzionali. Genova, 1899. 31 pp. 


Il. ELEMENTARY MATHEMATICS. 


Avueust (E. F.). Vollstandige logarithmische und trigonometrische 
Tafeln. 22ste Auflage, besorgt von F. August. Leipzig, 1899. 
12mo. 8 +204pp. Cloth. M. 1.60 

BackHaus (K.). See WIEsE (B.). 

Barpey (E.). Methodisch geordnete Aufgabensammlung, mehr als 
8000 Aufgaben enthaltend tiber alle Teile der Elementar-Arithme- 


tik, vorzugsweise fiir Gymnasien, Realgymnasien und Oberrealschu- 
len. 24ste Auflage. Leipzig, Teubner, 1899. 8vo. 14+ 330 pp. 
Cloth. M. 3.20 


BARTRINA Y CAPELLA (J. M.). Elementos de geometria pura y de 
trigonometria rectilinea. Barcelona, 1898. 4to. 397 pp. Fr. 10.00 
BemMAN (W. W.) and SmitH (D. E.). New plane and solid geometry. 
[Revised edition.] Boston, Ginn & Co., 1899. 12mo. 9 + 382 pp. 
Half leather. $1.25 
Boure (F.). Leitfaden fiir den Unterricht in der Planimetrie, zum 
Gebrauche an Navigationsschulen bearbeitet. 2te Auflage. Ham- 
burg, Peuser, 1899. 8vo. 48 pp. Boards. M. 1.20 
BREMIKER (C.). Logarithmisch-trigonometrische Tafeln mit 5 Decimal- 
stellen. 8te Ac besorgt von A. Kallius. Berlin, 1899. 8vo. 
192 pp. Cloth M. 1.50 
BReNNERT (E.). Konstruktionsaufgaben mit vollstan- 
diger Auflésung. Ein Hilfsbuch fiir Lehrer. In iibersichtlicher und 
methodischer Form bearbeitet. 2te Auflage. Berlin, Nicolai, 1899. 
8vo. 4+ 100 pp. M. 1.50 
Bresina. Die ee fir die Prima des Gymnasiums. Soest, 
1898. 4to. 22 pp. M. 1.50 
Brever (P.J.). Vélliger Abschluss der Lehre iiber die gemeinen Loga- 
rithmen im Diesseits der Gymnasial-Mathematik. 
1898. 4to. 28 pp. 1.80 
Brices (W.). Preceptors’ trigonometry. London, Clive, 1899. — 
268 pp. (Preceptors’ series. ) 2s. 6d. 
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BROOoKSMITH (E. J.). See WooLWICcH. 
BRYANT (SOPHIE). See Evcuip. 
DIEKMANN (J.). See Kopre (K.). 


Evuciip. The Elements of Euclid ; for the use of schools and colleges ; 
with notes, an appendix and exercises, by I. Todhunter. New re- 
vised and enlarged edition, by S. L. Loney. London, a 
1899. 12mo. 8+ 332+ 132 pp. Cloth. 

—. Elements of geometry, books 3 and 4; ; edited for the use of > 
by C. Smith and Sophie Bryant. New York, The Macmillan Co., 
1899. 16mo. 6+ 161-+ 288 pp. Cloth. L 

FisHER (G. E.) and Scawatt (I. J.). Text-book of algebra, with ex- 
ercises, for secondary schools and colleges. Part I. Philadelphia, 
Fisher & Schwatt, 1898. 8vo. 14-4683 pp. 


Fourrey (E.). Récréations arithmétiques. Paris, Nony, 1899. 8vo. 


8 4- 263 pp. 
GLASER. Stereometrie. Leipzig, Goschen, 1899. 12mo. 126 Pp. 
(Sammlung Géschen, No. 97. M. 0. 
Haut (H. S ) and Stevens (F. H.). An elementary course of mathe- 
matics ; comprising arithmetic, algebra and Euclid. London, Mac- 
millan, 1899. 16mo. 94-110 pp. Cloth. 2s. 
Heneici (J.) und TREUTLEIN (P.). Lehrbuch der Elementar-Geometrie. 
In 3 Teilen. Teil I: Gleichheit der Gebilde in einer Ebene. Ab- 
bildung ohne Massanderung. 3te Auflage. Leipzig, eae 1898. 


8vo. 84144 pp. 


HERvVE(L.). Eléments d’algébre, conformes aux programmes de hi 
seignement classique et moderne (troisiéme et seconde modernes, 
troisiéme, seconde et rhétorique classiques). Paris, Carré et Naud, 
1899. 8vo. 199 pp. 

HESSENBERG (G.). Ebene und sphiarische Trigonometri Leipzig, 
Géschen, 1899. 12mo. 165 pp. (Sammlung No. 


(G.). Elemente der Stereometrie. Teil I: Die 
und Konstruktionen. Leipzig, Géschen, 1899. 8vo. 
(Sammlung Schubert, No. IV.) Cloth. 


Katutius(A.). See BREMIKER'(C.). 


Kopre (K.). Geometrie zum Gebrauche an héheren Unterrichtsanstalten, 
neu bearbeitet von J. Dickmann. 19te Auflage (3te Auflage der 
neuen Bearbeitung). Mit zahlreichen Uebungen und Aufgaben. 
Teil 1 der Planimetrie, Stereometrie und Trigonometrie. Ausgabe 
fiir Reallehranstalten. Essen, Baedeker, 1899. 8vo. 10-+-227 pp. 
Cloth. M. 2.40 

LicHTBLAU (W.). See WIEsE (B.). 

Loney (S. L.). See Evcuip. 

_— Ad J.). Grammar school algebra ; a course for grammar schools 

d beginners in public and private schools. New York, American 
Book Co. [1899]. 12mo. 154pp. Half leather. $0.50 


—. Plane geometry. New York, American Book Co. [1899]. 12mo. 
242 pp. Half leather. 
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—. Planeand solid geese. New York, American Book Co. (ise: 
12mo. 384 pp. Cloth 

(H.). Die der Planimetrie. Ein zur 
Methode des geometrischen Unterrichts. 7te Auflage. Metz, 
Seriba, 1899. 8vo. 4-+ 84 pp. M. 1.20 

Nassd (M.). Algebra elementare ad uso dei licei e deg] istituti tecnici 
(1° biennio) secondo i programmi governativi. Con copiose note 
storiche, molti consigli pratici per indirizzare l’alunno alla risoluzione 
degli esercizi, pid di 2000 esercizi e problemi graduati da risolvere e 
circa 400 esercizi e problemi minutamente risolti. Torino, Libreria 
Salesiana, 1898. 8vo. 426 pp. Cloth. 

NEUMANN “ae W.). Lehrbuch der allgemeinen Arithmetik und 
Algebra. 7te Auflage. Leipzig, 1899. 8vo. 8+210pp. M. 2.80 

Pau (F.). Die Entwickelung des mathematischen Unterrichts an 
unseren héheren Schulen. Teil II. Charlottenburg, 1899.  4to. 

M. 1.50 


37 pp. 
Prioto (G.). Tavole _— dei valori dei segmenti circolari. Sciacca, 
1898. 8vo. 22p Fr. 2.00 


Pounp (0.). seaman mit Einschluss der elementaren Zahlentheorie. 
Leipzig, Géschen, 1899. 8vo. 8 +345 pp. (Sammlung 

No. VI.) Cloth. M. 4.40 
Raypt (H.). Lehrbuch der Elementar-Mathematik. Planimetrie, Arith- 
metik, Trigonometrie und Stereometric. Leipzig, 1899. 8vo. 

8 + 253 pp. M. 2.70 
Scuotren (H.). Mathematischer Unterricht. Halle, 1899. 4to. 19 pp. 
M. 1.20 


ScHrOn (L.). Seven-place logarithmic tables. Hungarian edition, by 
J.Sztoczek. 5thedition. Braunschweig, 1899. 8vo. 588 pp. M. 6.00 
Scuusert (H.). Beispiel‘Sammlung zur Arithmetik und Algebra. 
2765 Aufgaben, systematisch geordnet. 2te Auflage. Leipzig, Gé- 
schen 1899. 12mo. 134 pp. (Sammlung Géschen, No. 48.) M. 0.80 


——. Elementare Arithmetik und Algebra. awe ey 1899. 8vo. 
6+ 230 pp. (Sammlung Schubert, No. [.) Cloth M. 2.80 

Scuwatrt (I. J.). See FIsHER (G. E.). 

ScHWERING (K.). Arithmetik und Algebra fiir héhere Lehranstalten. 
2te Auflage. Freiburg, Herder, 1899. 8vo. 7+80pp. M. 1.00 


—. 100 Aufgaben aus der niederen Geometrie nebst vollstandigen Lés- 
ungen. 2te Auflage. Freiburg, Herder, 1899. 8vo. 11-+ 168 pp. 
M. 2.00 


——. Raumlehre fiir sechsstufige Schulen und Lehrerseminare, nach den 
neuen Lehrplainen bearbeitet. 2te Auflage. Freiburg, Herder, 1899. 
8vo. 16 pp. M. 0.25 

SICKENBERGER (A.). Uebungshuch zur Algebra. Ite Abteilung. 1te 
und 2te Stufe der Rechnunysarten, einschliesslich der linedren 
Gleichungen mit einer und mehreren Unbekannten. 3te Auflage. 
Miinchen, Ackermann, 1899. Svo. 5-+ 106 pp. M. 1.20 


(C.). See Evciip. 
Smita (D. E.). See Beman (W. W.). 
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Srevens (F. H.). See Haut (H.§&.). 
Sztoczexk (J.). See (L.). 
TimpEe (W.). Mathematische Aufgaben. Berlin, 1899. 4to. 39 pp. 


TODHUNTER (I.). See Evciip. 
TREUTLEIN (P.). See Henrict (J.). 


Uxeicu (G.). Ausfihrliches Lehrbuch der Geometrie sowie der ebenen 
und spharischen Trigonometrie fiir den Selbstunterricht. Mit zahl- 
reichen Aufgaben zur Konstruktion und Berechnung, nebst Anleit- 
ung zu deren Lésung. Berlin, Schultze, ane. rg 6 + 520 pp. 


WENTWORTH (G. A.). Plane geometry. New revised edition. Boston, 
Ginn & Co., 1899. 12mo. 8-256 pp. Half leather. $0.85 


WELLs (W.). The essentials of geometry. 
12mo. 6+ 299 pp. Half leather. $1.25 


WIEsE (B.), LicHTBLAU (W.) und BackHaus (K.). Raumlehre fir 
Lehrerseminare. Teil I: Die Flachenlehre (Planimetrie). 3te Auf- 


lage. Breslau, Hirt, 1899. 8vo. 190 pp. Cloth. M. 2.25 
WIrTTING (A.). Geometrische Constructionen, insbesondere in begrenz- 
ter Ebene. Dresden, 1899. 4to. 18 pp. M. 1.20 


WooLwIicH mathematical papers, for admission into the Royal Macmi 
edited by E. J. Brooksmith. London, 
1 1 


Zetszic (E.). Algebraische Aufgaben fiir die Volkaschule. Fiir a 
Hand des Lehrers bearbeitet. 2te Auflage. Leipzig, Wunderlich, 
1899: 8vo. 5+ 46 pp. M. 0. 


Ill. APPLIED MATHEMATICS. 


ALBRECHT (T.) Bericht iiber den Stand der Erforschung der Breiten- 
variation am Schlusse des Jahres 1898. Herausgegeben vom Cen- 
tralbureau der internationalen Erdmessung. Berlin, Reimer, 1899. 
4to. 22 pp., 1 plate. M. 3.00 


D’ALEMBERT. Abhandlung iiber Dynamik, in welcher ¢*= Gesetze des 
Gleichgewichtes und der Bewegung der Korper auf die kleinméglich- 
ste Zahl zuriickgefiihrt und in neuer Weise abgeleitet werden, und 
in der ein allgemeines Princip zur Auffindung der Bewegung mehrerer 
KG6rper, die in beliebiger Weise auf einander wirken, gegeben wird. 
(1743.) Uebersetzt und herausgegeben von A. Korn. Leipzig, En- 
gelmann, 1899. 12mo. 210 pp., 4 plates. (Ostwald’s Klassiker 
der exakten Wissenschaften, No. 106.) M. 3.60 


AUBUSSON DE CAVARLAY (E.). Cours d’électricité, professé 4 1’Ecole 
d’application du génie maritime. Vol. I and Vol. II, fascicule 1 : 
Lois et théories usuelles ; unités et mesures électriques ; dynamos 4 
courant continu. Dynanios & courant alternatif: transformateurs ; 
commutatrices ; piles et accumulateurs. Paris, 1899. 8vo. 

Fr. 22.00 


AUERBACH (F.). Kanon der Physik. Die Begriffe. Principien, Satze, 
Formeln, Dimensionsformelu und Konstanten der Physik, nach 
dem neuesten Stande der Wissenschaft systematisch dargestellt. 

Leipzig, Veit, 1899. 8vo. 12-522 pp. M. 11.00 
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BATTERMANN (H.). Resultate aus den Polhéhenbestimmungen in Ber- 
lin, ausgefiibrt in den Jahren 1891 und 1892 am Universal-Transit 
der Konig]. Sternwarte. Herausgegeben vom Centralbureau der 
internationaien Erdmessung. Berlin, Reimer, 1899. 4to. 

BetknapP (C.). See Corrin (J. H. C.). 

Bercet (A.). See CHaAppuis (J.). 


Bertin (L. E ). Position d* équilibre des navires sur la houle. Paris, 
Gauthier-Villars, 1898. 8vo. Fr. 3.00 


BLUDAN (A.). See Zépprirz (K.). 


BOrNeER (H.). Leitfaden der Experimental-Physik fiir Realschulen, 
sowie fiir den Anfangsunterricht in Oberrealschulen. 4te Auflage. 
Berlin, 1899. 8vo. 12+ 183pp. Cloth. M. 2.20 


Botte (F.). Neues Handbuch der Schiffahrtskunde. Mit einer 
Vorrede von Neumayer. Hamburg, Eckardt & Messtorff, 1899. 
4to. 20+274 pp. Cloth. M. 11.00 


—— Nautische Tafelsammlung. Nebst 4 magnetischen Karten, entwor- 
fen von Neumayer. Hamburg, Eckardt & Messtorff, 1899. 4to. 


3+ 162 pp. Cloth. M. 7.00 
BoucHE-LEcLERQ (A.). Liastrologie grecque. Paris, 1899. 8vo. 
20 + 663 pp. Fr. 20.00 


BourRtet (C.). Nouveau traité des bicycles et bicyclettes. 2e édition. 
Ile partie: Le travail. Paris, Gaut)ier-Villars, 1898. (Encyclo- 
pédie scientifique des aide-mémoire. ) Fr. 2.50 

Boussinesq(J.). Apergu sur la théorie dela bicyclette. Paris, Gauthi 
Villars, 1899. 4to. Fr. 1.00 

—. Complément 4 une étude récente concernant la théorie de la bicy- 
clette. Influence, sur ]’équilibre, des mouvements latéraux spontanés 
du cavalier. Paris, Gauthier-Villars, 1899. Fr. 1.00 


Bouty. See JAMIN (J.). 


Bursury (S. H.). A treatise on the kinetic theory of gases. Lond 
Clay, 1899. 8vo. 8+ 157 pp. (Cambridge University Press ceriea 


Cloth. 
Braver (E. A.). Grundriss der Turbinen-Theorie. Leipzig, Hirzel, 
1899. 8vo. 4+ 124pp. Cloth. M. 4.00 


BrovueH (B.). Treatise on mine-surveying. 7th edition, revised. 
London, Griffin, 1899. 12mo. 378 pp. (Miningseries.) 7s. 6d. 


Bruno (K.). Der Stoss elastischer Kugeln. (Progr.) Klagenfurt, 
Kleinmayr, 1899. 8vo. 22 pp., 1 plate. M. 1.00 


CEDERBOM (J. E.). Problemer till mekaniska varmeliran jamte deres 
utrakning. Stockholm, 1899. 8vo. 243 pp. M. 6.00 


CuHappwis (J.) et BERGeET(A.). Lecons de physique générale. Cours 
professé 41’Ecole centrale des arts et manufactures et complété 
suivant le programme de la licence és sciences ag ag on (En 3 vo- 
lumes.) Vol. II: Electricité et magnétisme. 2e édition, entiére- 

ment refondue. Paris, Gauthier-Villars, 1899. S8vo. Fr. 13.00 
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Cuomé (F.). Cours de géométrie descriptive de 1’ Ecole militaire. Ire 
ie, livre I, 4 ’usage des candidats 41’ Ecole militaire et aux 

les spéciales des Universit¢s. 3e édition, conforme a la 2e édition, 
entiérement revue, corrigée et augmentée, contenant les prescriptions 

& observer pour l’exécution des épures. Paris, Gauthier-Villars, 
1898. 4to, avec atlas de 37 planches. Fr. 10.00 


——. Ire partie, livre II, 4 l’usage des éléves de l’enseignement supéri- 
eur. Paris, Gauthier-Villars, 1899. 4to, avec atlas de 48 ee. 
15.00 


res, BL H. C.). Navigation and nautical astronomy. 7th edition, 
vised by C: Belknap. New York, Van Nostrand Co., 1899. 12mo. 
221 pp. Cloth. $3.50 


Ceanz (C.) und Kocn (K. R.). Untersuchungen tiber Vibration des 
Gewehrlaufs. I. Schwingungen in verticaler Ebene bei horizontal 
gehaltenem Gewehr. A. Gewehre vom Typus des Mausergewehis 
Modell 71. Miinchen, Franz, 1899. 4to. 31 pp., 6 plates. M. 2.00 


Dagiés (G.). Calcul des canaux et aqueducs. Paris, Gauthier-Villars 
[1899]. 16mo. 180 pp. scientifique des aide-mé- 
moire, section de Peadietoad No. 235 B.) Fr. 2.50 


DETREZ \@}- Applications de mathématiques. Lille, Détrez, 1896. 
8vo. 32 pp. 

——. Distributions d’eau. Paris, Dunod, 1899. 16mo. 12-4 567 pp. 
(Bibliothéque du conducteur des travaux publiques. ) 


DomoGaAror (A.). Elements of mechanics. Part 2: Kinematics. (Rus- 
sian.) St. Petersburg, 1899. 8vo. 212 pp. 


Donat (L.). Lezioni sulla fisica matematica, dettate nella R. Universita 
di Bologna. Parte II. Bologna, 1899. S8vo. 92 pp. Fr. 6.50 


DuHeEM (P.). Traité élémentaire de mécanique chimique fondée sur la 
thermodynamique. Vol. 4: Les mélanges doubles ; statique chimique 
— des systémes hétérogénes. Paris, Hermann, 1899. 8vo. 

387 pp. 


Ernst (A.). Die Hebezeuge. Theorie und Kritik ausgefiihrter Kon- 
struktionen mit besonderer Beriicksichtigung der elektrischer 
Anlagen. 3te Auflage, unter Mitwirkung von W. Maier und R. Rau. 
Berlin, Springer, 1899. Vol. I: 264808 pp.; Vol. II: oe pP-; 
Vol. III, 7 pp., 85 Plates. Cloth. M. 60.00 


FiscHER (O.). Der Gang des Menschen. Teil II: Die Bewegung des 
Gesammtschwerpunktes und die dusseren Krafte. Leipzig, Teubner, 
1899. 8vo. 2+130 30 PP 12 plates. (Abhandlungen der mathematisch- 
Rh K. Sachsischen Gesellschaft der Wissenschaften, 

ol. 25, No. 


FiscHER-HINNEN (J.). Die Wirkungsweise, Berechnung und Konstruk- 
tion elektrischer Gleichstrom-Maschinen. 4te, vollstandig umgear- 
beitete und stark vermehrte Auflage. Ziirich, Raustein, 1899. 8vo. 
10+-410 pp., 3 plates. Cloth. M. 13.20 


). _Vorlesungen itiber technische Mechanik. (In 4 Banden.) 
: Dynamik. Leipzig, Teubner, 1899. 8vo. 
1 M. 12. 


FREYBERGER (H.). Perspektive, nebst einem Anhang iiber Schatten- 
konstruktion und Parallelperspektive. 2te Auflage. Leipzig, Go- 
schen, 1899. 12mo. 127 pp. (Sammlung Géschen, No. 
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Feitsca (H.). Die Newtonsche Gravitation abgeleitet von Aetherstés- 


sen. Kénigsherg, 1899. 4to. 22 pp. M. 1.50 
Firue (H.). Zar Theorie des Rechenschieber. Berlin, 1899. 4to. 
22 pp. M. 1.00 


FuHRMANN (4.). Bauwissenschaftliche Anwendungen der Differential- 
rechnung. Lehrbuch und Aufgabensammlung 2te Hilfte. Berlin, 
Ernst, 1499. 8vo. Pp. 181-348. (Teil II der 
Infinitesimalrechnung in den Naturwi h , im Hochbau und 
in der Technik. ) M. 5.50 


GERARD (Eric). Lecons sur l’électricité, professées 4 1’ Institut électro- 
technique. 6e édition, refondue et complétée. (En 2 volumes. ) 
Vol. I: Théorie de l’électricité et du magnétisme ; électrométrie ; 
théorie et construction des générateurs et des transformateurs on 
triques. Paris, Gauthier-Villars, 1899. 8vo. Fr. 12.00 


GOLDSCHEIDER (F.). Ueber die Gauss’sche Osterformel. Teil II. ed 
lin, 1899. 4to. 30 pp. M. 1.00 


Gossin (H.). See (R. H.). 


Gou.ter (C.-M.). Etudes sur les méthodes et les instruments des nivel- 
lements de précision, revues, annotées et accompagnées d’une étude 
sur les variations de longueur des mires, d’aprés les expériences du 
colonel Goulier, par C. Lallemand. Paris, 1898. 
4to., avec 8 planches et un portrait. r. 20.00 


GREENE (C. E.). The action of materials under stress or structural me- 
chanics, comprising the strength and resistance of materials and ele- 
ments of structural design. With examples and problems. Ann 
Arbor, Greene, 1897. 8vo. 6-+ 271 pp., 3 plates. $3.00 


GUILLET (A.). See PorncaRE (H.). 


HAAsE (H.). Theorie der parabolischen Briickengewélbe, oder das 
Grundgesetz des Horizontalschubs in seiner Anwendung auf Briick- 
engewolbe unter der ausschliesslichen Wirkung vertikaler Aussen- 
krafte, entwickelé an dem Beispiel einer gewélbten Bahniiber- 
briickung. Regensburg, Nationale Verlagsanstalt, 1899. 8vo. 7+ 
110 pp., 5 plates. M. 4.00 

HAEDER (H.). Konstruieren und Rechnen, fiir Schule und Praxis bear- 
heitet. Duisburg und Diisseldorf, Schwann, 1899. Vol. I: Text. 
8vo. 8+ 191 pp. Vol. II: 4to. 4 pp., 115 plates. 


10.00 
HavuGurTon (S.). Manual of optics. New edition, enlarged by J War- 
ren. London, 1899. 8vo. 116 pp. Cloth. 2s. 6d. 


HeEtMERT (F.R.). Beitrige zur Theorie des Reversionspendels. Leip- 
zig, Teubner, 1899. 4to. 92 pp. (Verdffentlichung des K. Preus- 
sischen Geodatischen Institutes und Centralbureaus der interna- 
tionalen Erdmessung. ) M. 7.60 


(K.). Urkunden zur Geschichte der Mechanik. 
Hall, 1898. 4to. 41 pp. M. 


HotmAn (S. W.). Matter, energy, force, and work. A plain prechn 
tion of fundamental physical concepts and of the vortex-atom and 
other theories. New York, The Macmillan Company, 1899. 12mo. 
14 + 257 pp. Cloth. $2.50 

ISAACHSEN (J.). Die Bedingungen fiir eine gute Regulirung. Eine 
Untersuchung der Regulirungsvorginge bei Dampfmaschinen und 
Turbinen. Berlin, Springer, 1899. 8vo. 3-+ 76 pp. M. 2.00 
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JACQUEMART (P.). See PécHEUX (H.). 


JAMIN (J.). Cours de physique de 1’Ecole polytechnique. Deuxiéme 
supplément par M. Bouty : Progrés de |’électricité: oscillations hertz- 
iennes, rayons cathodiques et rayons X. Paris, Contr: 
1899. 8vo. 217 pp. Fr. 3.50 

JANET (P.). Premiers principes d’éleetricité industrielle. Piles ; act 
cumulateurs ; dynamos ; transformateurs. 3e édition, entiéremen- 
refondue. (Ouvrage couronné par 1’ Académie des sciences.) Paris, 
Gauthier-Villars, 1899. S8vo. 10-280 pp. Fr. 6.00 

JENSEN (J. A. D.). Grundrids af laeren om ebbe og fiod. ree ee” 

1899. 8vo. 48 pp. 1.20 


JouBERT (J.). Cours élémentaire d’électricité. 3e édition, revue et 
augmen Paris, 1899. 8vo. 201 pp. 


JupE (R. H.). Elementary treatise on physics, experimental and the- 
oretical. Partly from the French of H. Gossin. Vol. I: Mechanics, 
hydrostatics, cowry heat, and acoustics. London, 1899. 8vo. 

12s. 


926 pp. Clot 
KERBER (A.). Beitrige zur Dioptrik. Heft 5. Leipzig, 1899. 8vo. 
16 pp. M. 0.50 


KeEss.ter (J.). Berechnung und Konstruktion der Turbinen. Eine 
kurzgefasste Theorie in elementarer Darstellung mit erlanternden 
Rechnungsbeispielen. 2te Auflage. Hildburghausen, Pezoldt, 1899. 
&vo. 3-+50 pp. (Technische Lehrhefte, Maschinenbau, No. 9.) 

Kuvotson (0. D.). Text-book of physics. Vol. III: Heat. (Rus- 
sian.) St. Petersburg, 1899. S8vo. 682 pp. M. 15.00 

Kocu (K. R.). See Cranz (C.). 

K6rtrer (F.). Bemerkungen zu F. Kleins und A. Sommerfelds Buch 
iiber die Theorie des Kreisels. Berlin, Mayer & Miiller, 1899. er 
26 pp. M. 0. 


Kopre (M.). Die Ausbreitung der der Wellenma- 
schine, darstellbar durch einen neuen Grenzfall der Bessel’schen 
Funktionen. Berlin, 1899. 4to. 28 pp., 1 plate. M. 1.00 


Korn (A.). Lehrbuch der Potentialtheorie. Allgemeine Theorie des 
Potentials und der P tialfunkti in Raume. Berlin, Dimm- 
ler, 1899. 8vo. 14-++ 417 pp. M. 9.00 
—— See D’ALEMBERT. 


KovaLEvsky (S.). Theory and application of the double vernier. 
(Russian.) St. Petersburg, 1899. 8vo. 20 pp., 3 plates. 
KrtGER(L.). Beitrage zur Berechnung von Lotabweichungssystemen 
Leipzig, Teubner, 1899. 4to. 106 pp. (Verdffentlichung des K. 
Preussischen Geodiatischen Institutes und Centralbureaus der inter- 
nationalen Erdmessung. ) M. 8.40 
LALLEMAND (C.). See GOULIER (C. M.). 
oe (R.). Die Festigkeitslehre. Elementares Lehrbuch fiir 
den Schul- und Selbstunterricht, sowie zum Gebrauch in der Praxis, 
nebst einem Anhang, enthaltend Tabellen der Potenzen, Wurzeln, 
Kreisumfange und Kreisinhalte. 5te Auflage. Stuttgart, Berg- 
strasser, 1899. 8vo. 6-+ 157 pp. M. 4.00 
LAURENT (P.). Résistance des bouches 4 feu. Paris, Gauthier-Villars, 
1898. 12mo. (Encyclopédie scientifique des emsaure 
. 2.50 
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LausseDAT (A.). Recherches sur les instruments, les méthodes et le 

dessin topographiques. (En 2volumes.) Vol. I: Apercu historique 

sur les instruments et les méthodes; la topographie dans tous les 

temps. Paris, Gauthier-Villars, 1899. 8vo.4 11+ 450 pp., 14 

planches. Fr. 15.00 

LAVERGNE (G.). Les turbines. 2e édition. Paris, 
1898. (Encyclopédie scientifique des aide-mémoire. ) Fr. 2.50 


Leon (E.). Géométrie descriptive, pour l’enseignement secondaire 
moderne. Vol. I: Classe de seconde. Paris, Delalain, 1899. 8vo. 
150 pp. Fr. 3.00 


LEcorNu (L.). Régularisation du mouvement dans les machines. Paris, 
Gauthier-Villars, 1898. (Encyclopédie scientifique des ors 
mémoire. ) Fr. 2.50 


Lersca (B. M.). Einleitung in die Chronologie. 2te, uimgearbeitete 
und vermehrte Auflage. Teil If: Der christliche Kalender, seine 
Einrichtung, Geschichte und chronologische Verwertung. ——s. 
1899. &vo. 8-+ 189 pp. M. 4 


LineHAM (W. J.). A text-book of mechanical engineering. 3d nc 
and enlarged edition. Philadelphia, Lippincott Co, 1899. 8vo. 
Cloth. $5.00 

LuccrARpI (J.S.). Traité sur la balance, ou théorie des instruments de 
pesage, a l’usage des vérificateurs-adjoints des poids et mesures et des 
gg ae la vérification. ire édition. Annecy, Dépollier, 1899. 

vo. 301 pp. 


Mater (W.). See Ernst (A.). 


Mécanique. Eléments de statique, 4 l’usage des candidats au bacca- 
lauréat classique et au baccalauréat de l’enseignement moderne 
(3e série). Besangon, Dodivers, 1899. 8vo. 157 pp. 


NEWSHOLME (A.). Elements of vital statistics. 3d edition, ‘oo 
London, 1899. 8vo. 366 pp. Cloth. 's. 6d. 


PEcHEUX (H.). Précis de physique industrielle. Avec une tes 
tion par P. Jacquemart. Paris, 1899. 8vo. 7-+ 577 pp. 


Peirce (B. O.) and WILLson (R. W.). On the thermal conductivities 
of certain poor conductors. I. 8vo. 56 pp. (Proceedings of the 
American Academy of Arts and Sciences, Vol. 34, No. 1, August, 1898.) 


Perry (J.). The steam engine and gas and oil engines ; a book for the 
use of students who have time to make experiments and calculations. 
London, Macmillan, 1899. 8vo. 8 +646 pp. Cloth. 7s. 6d. 

PLANT (E. C.). Geometrical drawing for army and navy candidates and 


public school classes. Vol. I: Practical plane geometry. With an 
appendix on the construction of scales. New York, The Macmillan 


Co., 1899. 4to. 14+ 185 pp. $1.90 
Prtuine (O.). Ueber die Bedeutung der Energie in der Naturwissen- 
schaft. Schleusingen, 1899. 4to. 16 pp. M. 1.50 


Poincaré (H.). Cinématique et mécanismes ; potentiel et mécanique 
des fluides. Cours professé 4 la Sorbonne’ par H. Poincaré, rédigé 
par A. Guillet. Paris, Carré et Naud, 1899. 8vo. 391 pp. 
(Cours de la Faculté des sciences de Paris. ) 

PoTeRIN DU Moret (H.). Théorie des assurances sur la vie. Paris. 
Gauthier-Villars, 1899. 8vo. Fr. 25.00 


Rav (R.). See Ernst (A.). 
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Rosinson (J. L.). First book in dynamics. London, Longmans, 1899. 
12mo. 98 pp. 2s, 


—— First book in statics. London, Longmans, 1899. 12mo. 124 pp. 2s. 


a book in statics, with examples. London, Longmans, ame. 

10. 

Savazar (A. E.). Kalkulos sobre las kafierias de agua. Ensayo ae 
unifikacion de las formulas usuales i de simplifikacion de los Talku- 
los basada en la nozion de zirkuito idrauliko ; kondukcion de agua, 
— sobre la potenzia. Santiago de Chile, 1898. 4to. ee ie pp. 

16.00 


SCHEIBNER (W.). Ueber die Differentialgleichungen der Mondhewe- 
gang. Leipzig, Teubner, 1899. 8vo. 24-26 pp. (Abhandlungen 
ysischen Classe der K. Sachsischen Gesellschaft der- 

‘Wisomachefion, Vol. 25, No. II.) M. 1.50 
ScHILLER (N.). Meaning of the ideas of force and mass in the theory 


of knowledge and in mechanics. (Russian.) Kief, University Press, 
1898. 8vo. 2+ 91 pp. 


ScHorentses (H.). Cours de physique expérimentale de de 
Gand. 2e édition. Partie II: Chaleur, magnétisme, électricité, 


lumiére et chaleur rayonnante. Paris, 1899. 8vo. 480 pp. Fr. 10.00 


ScHUBERT (F.). Die darstellende Geometrie an maschinentechnischen 
Lehranstalten, Gewerbe- und Fachschulen. Als Wegweiser fiir 
Lehrende und Lernende nach den Formalstufen bearbeitet. In 3 
Teilen. Teil I: Das geometrische Zeichnen. Mittweida, Polytech- 
nische Buchhandlung, 1899. &vo. 3+ 176 pp. Cloth. M. 4.00 

ScHUPMANN (L.). Die Medial-Fernrohre. Eine neue Konstruktion 


fiir grosse astronomische Instrumente. Leipzig, Teubner, 1898. 
8vo. 6+ 146 pp. M. 4.80 


Seryeie (T.). ovine graphique des systémes triangulés. (En 2 vol- 
umes.) Vol. I: Exposés théoriques. Vol. II: Exemples d’applica- 
tions. Paris, Gauthier-Villars, 1898. 12mo. (Encyclopédie scien- 
tifique des aide-mémoire. ) 50 


‘TinsLEY (G. W.). The mechanics of a cyclone. Columbus, Ind., 1899. 
8vo. 23 pp. $0.25 


WALTER (A.). Theorie der atmospharischen Strablenbrechung. Leip- 
zig, Teubner, 1899. 8vo. 4+ 74 pp. (Verdffentlicht mit Unter- 
stiitzung der K. Akademie der Wissenschaften in Wien.) M. 2.80 

WAEREN (J.). See HavGuron (8.). 


WIttson (F. N.). Practical engineering drawing and third-angle pro- 
jection ; for students in scientific, technical, and manual traini 
schools, and for engineering and architectural a 
metal workers, etc. New York, The Macmillan Company, 1899. 
4to. 178 pp. Cloth. $2.80 

WILLSON (R. W.). See PErRcE (B. O.). 


Wirz (A.). Thermodynamique, 4 l’usage des ingénieurs. 2e édition. 
Paris, Gauthier-Villars [1899]. 16mo. 203 pp. (Encyclopédie 
scientifique des aide mémoire, section de ieglaleue, No. aan A,.) 

2.50 


‘WULuner (A.). Lehrbuch der Experimental poe. 5te, vielfach um- 
gearbeitete und verbesserte Auflage. (In 4 Banden.) Vol. IV: 
Die Lehre von der Strahlung. Seibband 1. Leipzig, Teubner, 
1899. 8vo. Pp. 1-512. 
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ZEUNER (G.). Vorlesungen iiber Theorie der Turbinen, Ventilatoren und 
Centrifugalpumpen, mit vorbereitenden Untersuchungen aus der 
technischen Hydraulik. Leipzig, Felix, 1899. 8vo. 11 Pp. 

10. 


Zoppritz (K.). Leitfaden der Kartenentwurfslehre. In 2ter, neu 
bearbeiteter und erweiterter Auflage herausgegeben von A. Bludau. 
(In 2 Teilen.) Teil I: Projectionslehre. Leipzig, 1899. S8vo. 
10+ 178 pp. M. 4.80 


6 


